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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

RECEIVED 

CENTRAL FAX CENTER 

Applicant: Jack L. Arbiser hwN 1 2006 

Serial No.: 09/765,491 Art Unit; 1617 

Filed: January 18, 2001 Examiner: Jennifer M. Kim 

For: CURCUMIN AND CURCUAdlNOID INHIBITION OF ANGIOGENESIS 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

RESPONSE 

Sir: 



Responsive to the Advisory Action mailed February 21, 2006, stating that the Appeal 
Brief filed on November 30, 2005, is defective, enclosed is another copy of the Appeal Brief as 
filed on November 30, 2005. Hie Appeal Brief is not defective since it included both an 
Evidence and a Related Proceedings Appendix at the time of original filing, 

Immediate action on the Appeal Brief is requested. 
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U.S.S.N. 09/765,491 

Filed: January 18, 2001 

RESPONSE TO ADVISORY ACTION 



Respectfully submitted, 



PatreaL. Pabst 
Reg. No. 21,284 



Date: March 1, 2006 

PABST PATENT GROUP LLP 

400 Colony Square, Suite 1200 

1201 Peachtree Street 

Atlanta, Georgia 30361 

(404) 879-2151 

(404) 879-2160 (Facsimile) 
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RECEIVED 
CENTRAL FAX CENTER 

MAR 0 1 2006 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant: Jack L. Arbiser 

Serial No.: 09/765,491 Art Unit: - 1617 

Filed: January 18, 2001 Examiner: Jennifer M. Kim 

For: CURCUMINAND CURCUMINOID INHIBITION OF ANGIOGENESIS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

APPEAL BRIEF 

Sir; 

This is an appeal from the rejection of claims 4-6, 10-12, and 17-19 in the Office Action 
mailed March 3 1 , 2005, in the above-identified patent application. A Notice of Appeal was filed 
on August 30, 2005 along with a two month extension of time. A RESPONSE TO THE 
FINAL REJECTION, WHICH INCLUDED A NUMBER OF THE REFERENCES 
ATTACHED IN THE APPENDIX AS EVIDENCE, WAS FILED OCTOBER 28, 2005, IT 
DOES NOT APPEAR THIS RESPONSE HAS BEEN CONSIDERED BY THE 
EXAMINER. 

The Commissioner is hereby authorized to charge $250.00, the fee for the filing of this 
Appeal Brief for a small entity, to Deposit Account No. 50-3 129. It is believed that no 
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U.S.S.N. 09/765,491 
Filed: January IS, 2001 
APPEAL BRIEF 

additional fee is required with this submission. However, should an additional fee be required, 
the Commissioner is hereby authorized to charge the fee to Deposit Account No. 50-3 129. 

(1) REAL PARTY IN INTEREST 

The real party in interest of this application is the assignee, Emory University, a 
corporation of Georgia, and the licensee, Curry Pharmaceuticals, a corporation of North 
Carolina. 

(2) RELATED APPEALS AND INTERFERENCES 

There is no pending related appeal or interference, The parent application, U.S.S.N. 
09/345,712, was appealed, but the examiner allowed the application after filing of the Appeal 
Brief, and the application issued as U.S. patent No. 6,673,843. 

(3) STATUS OP CLAIMS 

Claims 4-6, 10-12, and 17-19 are pending, rejected and on appeal. Claims 1-3, 7-9, and 
13-16 have been cancelled. The text of each claim on appeal, as pending, is set forth in an 
Appendix to this Appeal Brief. 

(4) STATUS OF AMENDMENTS 

The claims were last amended in an Amendment and Response filed October 1, 2004. 

(5) SUMMARY OF CLAIMED SUBJECT MATTER 

Claim 4 defines a method for inhibiting symptoms associated with angiogenesis in the 

treatment of lymphangiogenesis, Sturge-Weber syndrome, verruca vulgaris, tuberous sclerosis, 

venous ulcers, molluscum contagious, seborrheic keratosis, or actinic keratosis comprising 

administering a collagenase inhibitor, angiogenic fumagillm derivative, 2,5- 

2 
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diaryltelxahydmfuran, aminophenylphosphonic acid compound, 3-substituted oxindole 
derivative, thalidomide, penicillamine or IL12 in an amount effective to inhibit angiogenesis; 
claim 4 defines the method wherein the angiogenesis inhibitor is applied topically; and claim 6 
defines the method wherein the angiogenesis inhibitor is TNP-470. The disorders to be treated 
are referenced at page 5 7 lines 15-27; the angiogenesis inhibitors are described at page 6, line 3 to 
page 7, line 12. Topical administration is described at page 13, lines 9-25, 

Claim 10 defines a method to treat the symptoms associated with elevated basic 
fibroblast growth factor in angiosarcoma, hemangioendothelioma, basal cell carcinoma, 
squamous cell carcinoma, malignant melanoma^Kaposi's sarcoma, psoriasis, or recessive 
dystrophic epidermolysis bullosa, comprising administering an effective amount of a 
pharmaceutical composition comprising a curcuminoid in an ointment for topical administration 
containing between one-half percent (0.5%) and five percent (5%) of the curcuminoid or a 
polymer formulation for implantation, Claim 1 1 defines the method wherein the curcuminoid is 
curcumin; claim 12 defines the method wherein the curcuminoid is demethoxycurcumin. The 
disorders to be treated are referenced at page 5, lines 15-27; the curcuminoids are described at 
page 8, lines 8-24. The ointment is detailed at page 14, lines 19-21. 

Claim 17 defines a method for inhibiting skin disorders: lymphangiogenesis, Sturge- 

Weber syndrome, verruca vulgaris, tuberous sclerosis, venous ulcers, rosacea, eczema, 

moUuscum contagious, seborrheic keratosis, or actinic keratosis comprising administering an 

angiogenesis inhibitor in an amount effective to inhibit angiogenesis, wherein the angiogenesis 

inhibitor is either a tetracycline inhibiting collagenase, or a sulfated polysaccharide which 

3 
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inhibits angiogenesis. Claim 18 defines the disorder as malignant melanoma; claim 19 defines 
the disorder as recessive dystrophic epidermolysis bullosa. The disorders to be treated are 
referenced at page 5, lines 15-27; the angiogenesis inhibitors are described at page 6, line 3 to 
page 7, line 12. 

(6) GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The issues presented on appeal are: 

(1) whether claims 4-6 and 17-19 are enabled as required by 35 U.S.C § 1 12, first 
paragraph. 

(2) whether claims 4-6 and 17 are definite as required by 35 U.S.C. § 1 12, second 
paragraph. 

(3) whether claim 17.is novel under 35 U.S.C, § 102(e) over U.S. Patent No, 6,218,368 to 

Wirostko ("Wirostko^- 

(4) whether claims 4 and 5 are non-obvious under 35 U.S.C. § 103 (a) in view of U.S. 
PatentNo. 5,190,918 in view of U.S. Patent No. 6,482,801 to Brem, et al. 

(5) whether claims 4 and 5 are non-obvious under 35 U.S.C. § 103 (a) in view of U.S. 
Patent No. 5,190,918 to Deutch, et al., in view of U.S. Patent No. 5,654,312 to Andrulis, Jr., et 
al. 

(6) whether claims 4 and 6 are non-obvious under 35 U.S.C. § 103 (a) in view of U.S. 
Patent No. 5,190,918 to Deutch, et al., in view of U.S. Patent No. 5,776,898 to Teicher, et al, 

(7) whether claims 10-12 and 1 8 are non-obvious under 35 U.S.C. § 103 (a) in view of 
WO 95/18606 by Aggarwal. 

4 
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(8) whether claims 10-12 and 19 are non-obvious under 35 U.S.C. § 103 (a) in view of 
Arbiser, et al., L Amer. Acad. Dermatol 40(6):925-929 (June 1999) in view of Thaloor, et al. 
Cell Growth & Differentiation 9, 305-312 (1998) in combination with WO 95/18606 by 
Aggarwal. 

(7) ARGUMENT 

a) Rejection Under 35 U.S.C. § 112, first paragraph 

Claims 4-6 and 17-19 were rejected as not enabled as required by 35 U.S.C. § 1 12, first 
paragraph, for use of the phrase "an effective amount". Claims 4-6 and 17 were rejected as 
indefinite under 35 U.S.C. § 1 12, second paragraph, 
(i) Enablement 

The Legal Standard 

The Court of Appeals for the Federal Circuit (CAFC) has described the legal standard for 

enablement under § 1 12, first paragraph, aS whether one skilled in the art could make and use the 

claimed invention from the disclosures in the patent coupled with information known in the art, 

without undue experimentation {See, e.g* 7 Amgenv f Hoechst Marion Roussell 314 F.3d 1313 

(Fed. Cir, 2003; Genentech, Inc. v. Novo NordiskA/S, 108 F3d at 165, 42 USPQ2d at 1004 (Fed. 

Or. 1997) (quoting In re Wright, 999 F.2d 1557, 1561, 27 USPQ2d 1510, 1513 (Fed. Cir. 1993); 

See also In re Fisher, 427 F.2d at 839, 166 USPQ at 24; United States v. Telectronics, Inc., 857 

F.2d 778 (Fed. Cir. 1988); In re Stephens* 529 F.2d 1343 (CCPA 1976)). The fact that 

experimentation may be complex does not necessarily make it undue, if the art typically engages 

in such experimentation {MJ.T. v. A.B. Fortia, 774 F.2d 1 104 (Fedf Cir. 1985)). In addition, as 

5 
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affinned by the Court in Spectra-Physics, Inc. v. Coherent, Inc., 827 F.2d 1524 (Fed. Cir. 1987), 
a patent need not teach, and preferably omits, what is well known in the art. 

Whether the disclosure is enabling is a legal conclusion based upon several underlying 
factual inquiries. See In re Wands, 858 F.2d 731, 735, 736-737, 8 USPQ2d 1400, 1402, 1404 
(Fed. Cir. 1988). As set forth in Wands, the factors to be considered in determining whether a 
claimed invention is enabled throughout its scope without undue experimentation include the 
quantity of experimentation necessary, the amount of direction or guidance presented, the 
presence or absence of working examples, the nature of the invention, the state of the prior art, 
the relative skill of those in the art, the predictability or unpredictability of the art, and the 
breadth of the claims, Ixi cases that involve unpredictable factors, tft the scope of the enablement 
obviously varies inversely with the degree of unpredictability of the factors involved." In re 
Fisher, 427 F2d 833, 839, 166 USPQ 18, 24 (CCPA 1970). 

Claims 4-6 and 17-19 are enabled 

A proper analysis of the Wands factors shows that claims 4-6 and 17-19 satisfy the 
enablement requirement. Applicants do not understand how the Examiner can allege that the 
claims are obvious, and then suggest that they are not enabled! Hie quantity of experimentation 
necessary to obtain and use the claimed angiogenesis inhibitors for the treatment of the recited 

disorders is not undue. 

The angiogenesis inhibitors that may be used in the claimed methods are disclosed in the 
specification on page 6, line 4 to page 7, line 10 along with a number of references which 

thoroughly describe these agents and effective amounts for rise in humans, and methods of 

6 
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administration. In addition, the specification also teaches how to make pharmaceutical 
compositions of the compounds and methods that can be used to administer the drugs to patients 
(see, for example, pages 12-14). Furthermore, the specification lists the diseases that may be 
treated on page 5, line 15 to page 6, line 2. These diseases are also well-known and 
characterized and can be found in any medical textbook. 

The feet that some experimentation is necessary does not preclude enablement; what is 
required is that the amount of experimentation 'must not be unduly extensive. 'In re Atlas 
Powder Co., v. B.L DuPont De Nemours & Co. , 750 F.2d 1569, 1576, 224 USPQ 409, 413 (Fed. 
Or. 1984). There is no requirement for examples nor is there any need for examples in this 
application. The claimed agents are known (although not for the treatment of the recited 
disorders), well-characterized and commercially available. Therefore, one of ordinary skill in 
the art could routinely arrive at an effective amount of the drugs and method of delivery to treat 
the claimed disorders. Furthermore, as discussed below, the term "effective amount" is a 
common and generally acceptable term for pharmaceutical claims and is not ambiguous or 
indefinite, provided that a person of ordinary skill in the art could determine the specific amounts 
without undue experimentation, as is the case here. 

Additional evidence that one can detennine an effective amount of drug, even one of 
much less than ordinary skill in the art such as the undersigned, is provided in the accompanying 
abstracts of the papers by LoTempio, et al., Clin. Cancer Res. 1:11(19 Pt l):6994-7002 (2005) 
(curcumin topical paste) and Li, et al., Cancer 104(6):1322-1331 (2005) (liposomally 
encapsulated curcumin). 
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In summary, it is clear from the guidance in the specification, the state of the prior art, 
and the level of skill in the art that one of ordinary skill in the art would be able to use the 
claimed angiogenesis inhibitors to treat the recited disorders without undue experimentation, 
(ii) Definiteness 

The Legal Standard 

According to 37 CFR 1 .75 (c), "One or more claims may be presented in dependent form, 
referring back to and farther limiting another claim or claims in the same application. [. . .] 
Claims in dependent form shall be construed to include all the limitations of the claim 
incorporated by reference into the dependent claim." Thus if a claim depends from another 
claim, the dependent claim includes all the limitations of the claim from which it depends, 
without restating those limitations. 

The test for definiteness under 35 U.S.C. § 1 12, second paragraph, is whether ''those 
skilled in the art would understand what is claimed when the claim is read in light of the 
specification," OrthoMnetics, Inc. v. Safety Travel Chairs, Inc., 806 F.2d 1565, 1576, 1 USPQ2d 
1081, 1088 (Fed. Cir. 1986). The fact that other language may be used in a claim is not a valid 
basis for a rejection under 35 U.S.C. § 1 12* second paragraph. Hie M.P.E.P. explains that the 
examiner's focus during examination of claims for compliance with the definiteness requirement 
"is whether the claim meets the threshold requirements of clarity and precision, not whether 
more suitable language or modes of expression are available." (M.P.E.P. 2173.02, emphasis 
added) The M.P.E.P. further explains that "[s]ome latitude in the manner of expression and the 
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aptness of terms should be permitted even though the claim language is not as precise as the 
examiner might desiie." (Id.) 

The rejection of the claims over the term "effective amount" is legally improper. This 
term is a common and generally acceptable term for pharmaceutical claims and is not ambiguous 
or indefinite, provided that a person of ordinary skill in the art could determine the specific 
amounts without undue experimentation. (See, e.g., Geneva Pharmaceuticals, Inc. v. 
GlaxoSmtthKline PLC, 349 F.3d 1373 (Fed. Cir. 2003); In re Halteck, 57 C.C.PA. 954, 422 F.2d 
91 1, 914 (CCPA 1970). An effective amount of the angiogenesis inhibitor is an amount as 
required to alleviate the symptoms of the particular disorder being treated (page 14, lines 28-29). 
Since the claimed angiogenesis inhibitors are known and characterized compounds (although not 
for the treatment of the recited disorders), one of ordinary skill in the art could arrive at an 
"effective amount" of any one of these drugs to treat the listed disorders. 

b) Rejections over the Prior Art 

(I) Rejection Under 35 U.S.C § 102 

Claim 17 was rejected under 35 U.S.C. § 102(e) as anticipated by U.S. Patent No. 

6,218,368 to Wirostko (''Wirostko''). 

Claim 17 defines a method for inhibiting skin disorders selected from the group 
consisting of lymphangiogenesis, Sturge-Weber syndrome, verruca vulgaris, tuberous sclerosis, 
venous ulcers, rosacea, eczema, moUuscum contagious, seborrheic keratosis, and actinic 
keratosis comprising administering to the individual in need of treatment thereof of tetracyclines 

inhibiting coUagenase, or a sulfated polysaccharide which inhibits angiogenesis. 
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The Legal Standard 

For a rejection of claims to be properly founded under 35 U.S,C. § 102, it must be 
established that a prior art reference discloses each and every element of the claims, Hybritech 
Inc v Monoclonal Antibodies Inc, 231 USPQ 81 (Fed. Cir, 1986), cert denied, 480 US 947 
(1987); Scripps Clinic & Research Found vGerumtech Inc, 18 USPQ2d 1001 (Fed. Cir. 1991). 
The Federal Circuit held in Scripps, 1 8 USPQ2d at 1010: 

Invalidity for anticipation requires that all of the elements and limitations of the 
claim are found within a single prior art reference. . . There must be no difference 
between the claimed invention and the reference disclosure, as viewed by a 
person of ordinary skill in the field of the invention. (Emphasis added) 

A reference that Ms to disclose even one limitation will not be found to anticipate, even if the 
missing limitation could be discoverable through further experimentation, As the Federal Circuit 
held in Scripps, Id: 

[A] finding of anticipation requires that all aspects of the claimed invention were 
already described in a Single reference: a finding that is not supportable if it is 
necessary to prove facts beyond those disclosed in the reference in order to meet 
the claim limitations. The role of extrinsic evidence is to educate the decision- 
maker to what the reference meant to persons of ordinary skill in the field of the 
invention, not to fill in the gaps in the reference. 
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For a prior art reference to anticipate a claim, it must enable a person skilled in the art to 
practice the invention, "A claimed invention cannot be anticipated by a prior art reference if the 
allegedly anticipatory disclosures cited as prior art are not enabled/ 1 Amgen, Inc. v. Hoechst 
Marion Roussel, Inc., 314 F.3d 1313, 1354, 65 USPQ2d 1385, 1416 (Fed, Cfr. 2003). See 
Bristol-Myers Squibb v, Ben Venue Laboratories, Inc., 246 F.3d 1 368, 1374, 58 USPQ2d 1508, 
1512 (Fed. Cir. 2001) ("To anticipate the reference must also enable one of skill in the art to 
make and use the claimed invention*"). 

Factual Analysis 

Wirostko 

. Wirostko describes systemic administration of a tetracycline to treat acne rosacea. 
Wirostko administers a tetracycline for its common antibiotic activity and is using the common 
misnomer of acne rosacea to refer to acne characterized by redness. Acne is actually an infection 
of the skin; rosacea is a different disease. Attached in the appendix is a printout from the 
National Rosacea Society that explains the criteria, causes, and differences with acne (and 
confusion in nomenclature), thereby establishing that Wirostko does not disclose treatment as 

defined by claim 17. 

(ii) Rejections Under 35 U.S.C. § 103 

Claims 4 and 5 were rejected under 35 U.S.C. § 103 (a) as being obvious over U.S. Patent 

No. 5,190,91 8 to Deutch, et al., in view of U.S. Patent No. 6,482,801 to Brem, et al. or Deutch, 

et al., in view of U.S. Patent No. 5,654,312 to Andrulis, Jr. Claims 4-6 were rejected under 35 

U.S.C. 103 as obvious over Deutch in view of U.S. Patent No. 5,77"6 5 898 to Teicher, et aL 
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Claims 10-12 and 18 were rejected as obvious over WO 95/1 8606 to Aggarwal. Claims 
10-12 and 19 were also rqected as obvious under 35 U.S.C. 103 over Axbiser, et al. J. Amer. 
Acad. Dermatol. 40, No. 6, 925-929 (June 1999) in view of Thaloor, et al. Cell Growth & 
Differentiation 9, 305-312 (April 1998) and Aggarwal. 

The Legal Standard 

"References relied upon to support a rejection under 35 USC 103 must provide an 
enabling disclosure, i.e., they must place the claimed invention in the possession of the public. 11 
Application of Payne, 606 F.2d 303, 314, 203 U-S.P-Q. 245 (C.C.P.A. 1979); see Beckman 
. Instruments, Inc. v. LKB ProdukterAB 9 892 R2d 1547, 13 U.S JE\Q.2d 1301 (Fed Cir. 1989). A 
publication that is insufficient as a matter of law to constitute an enabling reference may still be 
relied upon, but only for what it discloses. See Reading & Bates Constr. Co. v. Baker Energy 
Resources Corp., 748 F.2d 645, 651-652, 223 U.S.P.Q. 1168 (Fed Cir. 1984); Symbol 
Technologies, Inc. v. Opticon, Inc., 935 F.2d 1569 (Fed. Cir. 1991). 

"Focusing on the obviousness of substitutions and differences, instead of on the invention 
as a whole, is a legally improper way to simplify the often difficult determination of 
obviousness/' Gillette Co. v, &£ Johnson & Sons, Inc., 919 F.2d 720, 724, 16 U.S.P.Q.2d 1923 
(Fed. Cir. 1990); see Hybritech Inc. v. Monoclonal Antibodies, Inc.? 802 F.2d 1367, 1383, 231 
U.S.P.Q, 81, 93 (Fed. Cix. 1986). "One cannot use hindsight reconstruction to pick and choose 
among isolated disclosures on the prior art to deprecate the claimed invention." In re Fine, 837 
R2d 1071, 1075 (Fed. Cir. 1988). 
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* 

The prior art must provide one of ordinary skill in the art with the motivation to make the 
proposed modifications needed to arrive at the claimed invention* See In re Geiger , 815 F.2d 
686, 2 ILS.P.Q>2d 1276 (Fed. Cir, 1987); In re Lcdu and Foutletier, 747 F.2d 703, 705, 223 
U.S.P.Q. 1257, 1258 (Fed. Cir. 1984). Claims for an invention axe not prima facie obvious if the 
primary references do not suggest all elements of the claimed invention and the prior art does not 
suggest the modifications that would bring the primary references into conformity with the 
application claims. In re Fritch, 23 U.S.P.Q.2d, 1780 (Fed. Cir. 1992). In re Laskowski, 871 
F.2d 1 15 (Fed. Cir. 1 989). This is not possible when the claimed invention achieves more than 
what any or all of the prior art references allegedly suggest, expressly or by reasonable 
implication. 

"Obviousness is determined as follows: 
'a proper analysis under § 103 requires, inter alia, consideration of two factors: (1) whether the 
prior art would have suggested to those of ordinary skill in the art that they should make the 
claimed composition or device, or carry out the claimed process; and (2) whether the prior art 
would also have revealed that in so making or carrying out, those of ordinary skill would have a 
reasonable expectation of success.' Noette v. Lederman, 355 F Jd 1343 a 69 USPQ2d 1508 (Fed, 
Cir. 2004) "Both [a] suggestion [to make a claimed composition or process] and [a] reasonable 
expectation of success 'must be founded in the prior art; not in the applicant's disclosure. 1 " 
Velander v. Garner, 348 F.3d 1359, 68 USPQ2d 1769 (Fed. Cir. 2003) "Both the suggestion and 
the reasonable expectation of success 'must be founded in the prior art, not in the applicant's 

disclosure/ Id; see also In re Dow Chem. Co., 837 F.2d 469, 473 (Fed. Cir. 1988)." 
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Factual Analysis 
Claims 4-6 

Claims 4-6 define a method for inhibiting symptoms associated with angiogenesis in the 
treatment of skin disorders: lymphangiogenesis, Sturge- Weber syndrome, verruca vulgaris, 
tuberous sclerosis, venous ulcers, rnolluscum contagious, seborrheic keratosis, or actinic 
keratosis, comprising administering a coflagenase inhibitor angiogenic fumagillin derivative, 
2^diaryltetrahydbrofuran, aminophenylphosphonic acid compound, 3 -substituted oxindole 
derivative, thalidomide, penicillamine or IL12 in an amount effective to inhibit angiogenesis 
(claim 4), wherein the angiogenesis inhibitor is applied topically (claim 5), and where the 
angiogenesis inhibitor is specifically TNP-470. 
Deuth 

Deuth, et al. allegedly shows that angiogenesis activity is the ability to enhance the 
formation of lymph vessels. This is completely contrary to any common definition of 
angiogenesis, which is defined in the application at page 2 of the application and in the literature 
as relating to the initiation and growth of blood vessels. 

Deuth in combination with Brem 

Brem, et al, acknowledges that minocycline is an angiogenesis inhibitor and a 
collagenase inhibitor. 

There is nothing that would lead one skilled in the art of treating lymphangiogenesis to 

adopt the peculiar description of Deuth and combine it with Brem, et al., with any expectation of 

success. Attached in the Appendix as evidence is an article, Jussila and Alitalo, "Vascular 
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Growth Factors and Lymphangiogenesis" Physiol. Rev. 82, 673-700 (2002) that explains and 
differentiates angiogenesis and lymphangiogenesis. While not prior art, it establishes the 
important differences between angiogenesis and lymphanigiogenesis. While both are extremely 
important, they are not the same, and a reference to one would not lead one to assume the same 
with respect to the other, and certainly not that a drug effective in one condition would be 
effective in the other condition- 

Deuth in combination with Andrulis 

Deuth, et aL is discussed above. Andrulis does not lead one to extrapolate from 
lymphangiogenesis to angiogenesis nor that there would be any expectation that thalidomide, 
referenced by Andrulis with respect to inhibiting angiogenesis, would be effective in preventing 
lymphangiogenesis. 

Claim 6 

Deuth in combination with Teicher 

Deuth is discussed above, Teicher is no different than Andrulis or Bran, It also 
discloses only a compound known to inhibit angiogenesis, TNP-470, not lymphangiogenesis. 
There is nothing to lead one of ordinary skill in the art to extrapolate from angiogenesis to 
lymphagiogenesis; no reference that would motivate one skilled in the art to have a reasonable 
expectation of success in using a compound known to inhibit angiogenesis to inhibit 
lymphangiogenesis. Therefore, although claim 6 is specific to the use of TNP-470, there is no 
teaching leading one of ordinary skill in the art to use this compound for the treatment of any of 
the specified conditions. 
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Claims 10-12, 18 and 19 

Claims 10-12 define a method to treat the symptoms associated with elevated basic 
fibroblast growth factor in angiosarcoma, heinangioendothelioma, basal cell carcinoma, 
squamous cell carcinoma, malignant melanomaJCaposi's sarcoma, psoriasis, or recessive 
dystrophic epidermolysis bullosa, comprising administering an effective amount of a 
pharmaceutical composition comprising a curourninoid in an ointment for topical administration 
containing between one-half percent (0.5%) and five percent (5%) of the curciuminoid or a 
polymer formulation for implantation (claim 10); wherein the cwcuminoid is curcumin (claim 
1 1); and wherein the curcuminoid is dememoxycurcumin (claim 12). Claim 1 8 defines the 
disorder as malignant melanoma and claim 19 defines the disorder as recessive dystrophic 
epidermolysis bullosa. 

Aggarwal 

Aggarwal has been cited as making obvious claims 10-12 and 1 8. Claim 10 defines a 

method to treat the symptoms associated with elevated basic fibroblast growth factor in a 

disorder selected from the group consisting of angiosarcoma, hemangioendothelioma, basal cell 

carcinoma, squamous cell carcinoma, malignant melanoma, Kaposi's sarcoma, psoriasis, and 

recessive dystrophic epidermolysis bullosa, comprising adirinistering to the individual in need of 

treatment an effective amount of a pharmaceutical composition comprising a curcuminoid in 

combination with a pharmaceutical^ acceptable carrier to inhibit angiogenesis, wherein the 

carrier is an ointment for topical a&nimstration containing between one-half percent (0.5%) and 

five percent (5%) of the curcurninoid or a polymer formulation for implantation. 
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It is difficult to understand how the use of this formulation could be obvious, since the 
same examiner previously allowed claims to the composition per se, in the now issued parent 
application, U.S. Patent No. 6,673,843. 

Indeed, the composition is not obvious, nor is the use in any of the defined conditions 
obvious. The examiner has cited no evidence why one skilled in the art would have any 
motivation to treat completely different disorders with the claimed formulation, nor why one 
would have any expectation of success based on a reference using a hugely different amount of 
drug (1 microgram to 100 milligrams) as compared to the amount in the claimed formulation. It 
is not enough to make allegations that a reference makes something obvious; the rejection must 
be based on a factual analysis that one skilled in the art would be led to the difference defined by 
the claims, and have a reasonable expectation of success. The examiner has failed to provide any 
support for the rejection. 

Arbiser in view ofThaloor andAggarwal 

Arbiser is not prior art to this application. This application claims priority to June 30, 
1 999. Arbiser was published in June 1 999. To the extent it might be prior art to this application 
under 35 U.S.C, 102(a), it is clear that it could be removed as prior art as the inventor's own 
publication (note that it is Dr. Arbiser to whom inquiries are to be directed). However, as the 
examiner has noted, this paper does not describe administering curcurain, which is the subject 
matter of the claimed method. 

Thaloor does not make up for this deficiency. Arbiser says there are at least two 

mechanisms - the role of basic fibroblast growth factor and angiogenesis involved in recessive 
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dystrophic epidermolysis bullosa. Nothing the examiner cites lead one of ordinary skill in the art 
to expect curcurnin to treat both mechanisms, therefore there would be no expectation of success. 
One would instead believe that TNP-470, which is administered systemically, not cumimin, 
administered as an ointment, would be effective. Aggarwai, discussed above, does not make up 
for this deficiency. 

(8) SUMMARY AND CONCLUSION 

In summary, the claims axe definite, novel and not obvious over the prior art 
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Appendix I: Claims on Appeal 

Claims 1-3 (canceled) 

4. (previously amended) A method for inhibiting symptoms associated with angiogenesis 
in the treatment of skin disorders selected from the group consisting of lymphangiogenesis, 
Sturge-Weber syndrome, verruca vulgaris, tuberous sclerosis, venous ulcers, molluscum 
contagious, seborrheic keratosis, and actinic keratosis comprising administering to the individual 
in need of treatment thereof an angiogenesis inhibitor wherein the angiogenesis inhibitor is 
selected from the group consisting of collagenase inhibitors, angiogenic fumagillin derivatives, 
2,5-diaryltetrahydrofurans, aminophenylphosphonic acid compounds, 3-substituted oxindole 
derivatives, thalidomides, penicillamine and IL12 in an amount effective to inhibit angiogenesis. 

5. (original) The method of claim 4 wherein the angiogenesis inhibitor is applied 
topically. 

6. (previously presented) The method of claim 5 wherein the angiogenesis inhibitor is 

TNP-470. 

Claims 7-9 (canceled) 

10. (previously amended) A method to treat the symptoms associated with elevated 
basic fibroblast growth factor in a disorder selected from the group consisting of angiosarcoma, 
hemangioendothelioma, basal cell carcinoma, squamous cell carcinoma, malignant melanoma* 
Kaposi's sarcoma, psoriasis, and recessive dystrophic epidermolysis bullosa, comprising 
administering to the individual in need of treatment an effective amount of a pharmaceutical 
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composition comprising a curcuminoid in combination with a pharmaceutical^ acceptable 
carrier to inhibit angiogenesis, wherein the carrier is an ointment for topical administration 
containing between one-half percent (0.5%) and five percent (5%) of the curcuminoid or a 
polymer formulation for implantation. 

1 1 . (previously presented) The method of claim 10 wherein the curcuminoid is 
curctimin* 

12. (previously presented) The method of claim 10 wherein the curcuminoid is 
demethoxycurcumin. 

Claims 13-16 (canceled) 

17. (previously presented) A method for inhibiting skin disorders selected from the 
group consisting of lymphangiogenesis, Sturge-Weber syndrome, verruca vulgaris, tuberous 
sclerosis, venous ulcers, rosacea, eczema, molluscum contagious, seborrheic keratosis, and 
actinic keratosis comprising administering to the individual in need of treatment thereof an 
angiogenesis inhibitor in an amount effective to inhibit angiogenesis, wherein the angiogenesis 
inhibitor is selected from the group consisting of 

tetracyclines inhibitixxg collagenase, and 

a sulfated polysaccharide which inhibits angiogenesis. 

1 8. (previously presented) The method of claim 1 0 wherein the disorder is malignant 
melanoma. 

1 9. (previously presented) The method of claim 10 wherein the disorder is recessive 
dystrophic epidermolysis bullosa. 
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Appendix II: Evidence on Appeal 
LoTempio, et al., Clin. Cancer Res, 1:11(19 Pt l):6994-7002 (2005) (curcumin topical 

paste) 

Li, et al. 5 Cancer 104(6): 1322-1 331 (2005) (liposomally encapsulated curcumin). 
Printout from the National Rosacea Society 

Jussila and Alitalo, "Vascular Growth Factors and Lymphangiogenesis" Physiol. Rev. 82, 
673-700 (2002) 

Abstract for Arbiser, et al. J. Am. Acad. Dermatol. 40(6 Pt l):925-929 (June 1999) 
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The antiangiogenic agents TNP-470 and 2-methoxyestradioI 
inhibit the growth of angiosarcoma in mice. 

ArhiW JHT Panif Trathv D, Klauber N. Rnpnick M, EtamE, tjdagaga 
J, fi^amt o^J - 

Department of Dermatology, Emory University School of Medicine, 
Atlanta, Georgia 30322, USAjarbise@emoxy.edu 

BACKGROUND: Endothelial malignancies, such as angiosarcoma and 
hemangioendothelioma, arc often resistant to chemotherapy and surgery, 
and may result in death. Improved means of therapy are needed for these 
disorders. OBJECTIVE; We wanted to determine whether angiosarcoma can 
be treated with angiogenesis inhibitors in mice. METHODS: Mice were 
inoculated with a cell line that gives rise to angiosarcoma and were treated 
with the angiogenesis inhibitors 2-methoxy estradiol and TNP-470, 
Response to therapy was monitored by measurement of tumors. RESULTS: 
TNP-470 caused an 84% reduction in tumor size, and 2-methoxyestradiol 
caused a 68% reduction in tumor size. CONCLUSION: Angiogenesis _ ^ 
inhibitors are highly effective in treatment of angiosarcoma in mice. Clinical 
trials of these agents in humans with angiosarcoma and 
hemangioendothelioma are warranted. 

PMID: 10365923 [PubMed - indexed for MEDLINE] 
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Curcumin Suppresses Growth of Head and Neck Squamous 
Cell Carcinoma 
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Mead and neck squamous cell carcinoma (HNSCC) represents 
5% of all cancers diagnosed annually in the United States (1). 
Current treatment protocols for advanced head and neck cancer 
often entail a disfiguring and risky surgical operation. In 
addition, radiation therapy, chemotherapy/ and surgery result 
in tremendous morbidity for patients with HNSCC. Despite the 
best efforts of previous research, survival rates for late-stage 
HNSCC remain dismal and it is apparent that a different 
approach to treatment is needed. As such, investigations of 
potential alternative therapies for HNSCC with fewer associated 
toxicities are continuing. 

Cuiaimhx commonly known as the spice turmeric, is de- 
rived from the rhizome of the East Indian plant Curcuma lengd 
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(2, 3). This spice is used as a flavoring and coloring agent, as a 
food preservauve, and also has been used in Ayurvedic 
medicine for over 6,000 years. Curcumin is soluble only in 
organic solvents such as ethanol or DMSO. Crude curaimin 
has a natural yellow hue and its components include curcumin, 
demethaxycurcumiri/ and bbdemetho^cuiannini commonly 
called curcuminoids. Curcurnin has been shown to suppress 
cellular proliferation in breast colon, oral, and other cancers 
and is currently being studied for its chemopreventrve and 
anticancer properties (4-10). 

Epidemiologic studies have attributed the low incidence of 
colon cancers in India to the chemopreventive and antioxidant 
properties of diets high in starch and curaimin (11). Curaimin 
has also been found to have antiinflammatory properties 
(12). It increases the level of glutathiones-transferase and, 
thus, up-regulates the synthesis of ghitathione, an antioxidant 
(13, 14). Other beneficial effects ascribed to curcumin are its 
wound-healing, antiviral anti-infectious, and antiamyloido- 
genic properties, suggesting Its use for treatment of Alzheimer's 
disease (15). 

Nuclear raetor-Kn (NF-k{3) Is an inducible transcription factor 
that is involved in the activation of a number of cell processes, 
including cell growth and apoptosis (16). This factor is activated 
in many cell types in response to a broad range of stimuli which 
include mitogens, mfiainmatoTy cytokines such as mterleulrin-1 
and tumor necrosis factor (ThTF), and extracellular stress such as 
UV light and cigarette smoke. Thus, NF-«& is a key cell cyde 
regulator whose activity results in enhanced transcription of 
growth-stimulating genes such as cydin Dl r COX2, and Bcl-2 . 

One mechanism that may play a role in the anticancer pro- 
perties of oircumin may be related to the down-regulation of 
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NF-kB (17). Our hypothesis is that curcumin inhibits the activ- 
ity of NF-kB and suppresses growth* of HNSCC in vitro and 
in vivo. Although many studies have been done on the actions 
of curcumin in vitro, including a recent study of HNSCC cell 
lines (9), few studies of human cancer xenografts in nude mice 
have been done and no studies of the effect of curcumin on 
HNSCC in vivo have been done. In the present investigation, we 
studied the effect of cuicumin on HNSCC in vitro and in vivo 
using a nude mouse xenograft model and found suppression 
of cell growth. In the nude mice studies, we compared two 
different methods of delivery of curcumin: intrammoral 
injection and topical application of the curcumin paste onto 
the tumor. To our knowledge, we are the first to attempt in vivo 
studies using mrcumin paste in nude mice. Use of this method 
of delivery could overcome the problem of low bioavailability 
encountered in studies of oral curcumin m colorectal and other 
cancers in mice and in humans (10, 18}. 

''iWafertalamd Methods- ;?! <^' : { '\^'"'^V'V' " 

Can lines, the HNSCC cell lines CCL23, CAU7, UM-SCC1, and 
UM-SC&4A were used, whkh represent laryngeal, tongue, and oral 
cavity carcinomas. CCL23 and CAL27 were obtained from the American 
Type Culture Collection (Manaaaas, VA), and the UM-SCCl and UM- 
SCC14A lines were obtained from Dr. Thomas E, Carey (University of 
Michigan, Ann Arbor, Ml). CCL23 cells wwe grown in Eagle's MEM 
(Life Technologies, Grand Island, NY) containing 1 mmol/L glutaminc, 
100 lU/rnL penicillin, 100 IU/mL streptomycin, 0.5 Mfi/nit fungizone, 
and 1QW FCS (IirvHTOgert; Carlsbad, CA). The other cell lines were 
grown in DMEM containing high glucose (4,500 jig/mL) and 1 rarool/L 
gjuxamifle, 100 IU/mL pertieillin, 100 IU/mL streptomycin^ 0.5 ug/mL 
fungizone/ and 10% FCS. Cells were grown In serum-free media for 
24 boors before treatment with curcumin (Sigma/ St- Louis, MO). 

Curcumin treatment of head and neck squamous cell carcinoma cell 
tines. Cell lines were plated in 96-well plates, with 10,000 cells per 
well and allowed id grow for 24 hours. The cells were, then serum 
starved for 24 houre to synchronize cells in Go phase of cell cycle. 
Camimln (purity 65%; Sigma) was dissolved in the organic solvent 
DMSO. The stock solution of curcumin is 100 mmoVL in DMSO. This 
was dilated far final concentrations ranging from 50 to 400 umol/U 
Final &MSO concentrations ranged from 0.0594 for 50 umol/L 
curcumin to 0.4% for 400 umol/L curcumin. This treatment was 
administered for s hours, which is also the half-life of curcumin 
in v\tw (J>). these doses were chosen because treatment with 25 umol/L 
curcumin for 8 hoots resulted in minimal effect on HNSCC tells, 
whereas treatment with 400 umol/L curcumin resulted m nearly 100% 
cell death. Control wells were treated with DMSO in amounts equal to 
the concentration of DMSO necessary to solubilize curcumin. Cells 
were then allowed to incubate in serum-containing media at 37°C for 
an additional 6 hours and cell viability was measured using the 3-(4,5- 
oUmeihyltmarol-l-yl)-2»5- bromide assay system, 

3-(4J'Dinethylthiwl-2-rl)-2 t S'*iph(3iyl xemrxaUtan bromide assay 
for celt viability. Briefly, growth media were aspirated out taking care 
not to disturb the residual cdl mass at the bottom of the phte. 
Following this, 0.5 mL of 3-(4 l 5-dimethyltWa^l-2-yl)-2/5-m>heiiyit&- 
traeollum bromide solution (1 mg/mL in complete medium; Sigma) 
was added tq each weH followed by incubation at 37°C for 1 horn- until 
me solution turned purple. The 3-(4,5-dimethylthia«ol-2-yl)-2 f 5- 
djphenylterrazolium bromide eolation was aspirated out of the wens 
and air-dried for 5 minutes. Serial dilution oF the cells was done in 
isopropanol and ab&orbance values were read in an ELISA plate 
reader at 570 nm. 

Western blot analysis* The cell monolayer (16* cells in a 100 nun 
tissue culture dish) was rapidly rinsed twice with ice-cold PBS and rysed 
In 1 mX of ice-cold lysis buffer. The lysis buffer contained 0.1 mmol/L 



phenyimeibylsulfonyl fluoride/ 2 mmol/L EDTA, 25 mmol/L &• 
glyecro phosphate, 0.1 mmol/L sodium orthovanadate, I mmol/L so- 
dium fluoride, 1 ug/mL of leupeprin and aprotmin, 0.2% Triton X-100, 
and 0.3% NP40 in 50 mmol/L TnVHCl/150 mmol/L KaO (pH 7.5). 
The lysates were centrifhged az 12,000 x g at 4 B C for 10 minutes and 
the supernatants were collected. Aliquots of supernatants containing 
20 ug of protein and presumed protein markers were subjected to SDS- 
PACE. in 10% gels under reducing conditions and proteins were 
eler^ro transferred to potyvuxyiidene difluoride membranes (Mill rp ore, 
tot, Bedford, MA). After blocking nonspecific binding by incubation 
with 5% nonfat milk in PBS, the membranes were incubated with 
polyclonal antibodies (Santa Cruz Biotechnologies, Inc* Santa Cruz, 
CA) using the established protocol (17). 

Gel shift assay. Single-stranded oligonucleotides representing the 
binding site of NF-*fJ (shown as underl ined sequence in forward 
oligonudeotide, S'AGTTC AGGCCACnTCQG AGGC-a', and reverse 
oligonucleotide, 5 ; ^CCTGGGAAAGTCCCCrCAACr-3 f ) were synthe- 
sized and annealed to form the double-Stranded PNTA using standard 
protocols. The double-stranded DNA was labeled at the 5' end using 
7- 31 P-labeled ATP in the presence of T4 polynucleotide kinase. The 
labeled DNA was separated from the free label and mixed with the cell 
line extract. The incubation was done at room temperature for 
30 minutes and the mixture was loaded onto a 6% FACE gel. 
Electrophoresis was carried out in 0.5% Tria-borate EDTA buffer at 
50 V for 2 hours until the loading dye was visualized near the bottom 
of the gel The gel was dried hi vacuum and exposed to X^ray films for 
1 to 3 days. The mobility of the NFicD-bound oligonudeotide Wui 
be retarded compared with the unbound oligonucleotide. Thus, the 
bound radioactivity will be retained at the MP-k ^ protein site. Unbound 
oligonucleotide will be at the bottom of the gel. An NF-K& oligo- 
nucleotide sequence containing a mutation at the binding site and 
oligonucleotide sequences presenting the activator protein 1 binding 
site (Santa Cruz Biotechnologies) were used as controls. 

Immunofluorescence. The cell lines were grown to 50% to 60% 
confluence on coverslios and then fixed after various treatments in 
3.5% paraformaldehyde at 4°C far 5 hours and then washed (thrice for 
5 minutes each) with PBS. also at 4 B C Immediately, cells were treated 
with freshly prepared 0-25% ammonium chloride for 5 minutes and 
washed thrice with PBS for 5 minutes each. Cells were then 
pcrmeabihxed with 0.2% Triton X-100 for 10 minute* followed by 
blocking with 1% bovine serum albumin in PBS for 15 minutes. Next, 
cells were treated with either monoclonal antibody for NF-nS (5 ug/raU 
Santa Cruz Biotechnologies) or with monoclonal antibody for cyclin 
Dl (5 ug/raU Calbiodiem, San Diego, CA) in 1% BSA for 30 minutes 
followed by treatment with Alexa-568 anti-mouse monoclonal anti- 
body (1:400; Molecular Probes, Eugene, OR) for 30 minutes. Cells were 
then washed and mounted on a microscope slide with Vccrashield 
(Vector Laboratories, Builingame, CA). Fluorescence imaging was done 
using a Idea DMIRB digital microscope equipped with an ORCA CCD 
camera. Images were recorded using Open Lab 3.1 (Ira provision, Inc 
Boston, MA) software and analyzed using the same software or using 
Adobe Photoshop 7.1. 

Fhunvscence-activated celt sorting analysis* The curcum in-treated 
and untreated cell lines were analyzed using a Becton Dickinson 
FACScan Analytic Flow Cymmeter (Becton Dickinson, San Jose, CA). 
Briefly, 1 x io* cells were suspended In ice-cold hypotonic DMA 
staining solution containing propidium iodide. Samples were protected 
from light and analyzed within l hour with the flow cytomcter. 

Annarin V-FITC assay for apopums- The apoptosi* assay was carried 
our with the Annexin V-FTTC kit using the protocol of the manufacturer 
(Oncogene Research Products, Boston, MA). Briefly, 3 x10 s cells in a 
0-5 mL suspension of the culture medium were centrifuged at 1,000 * & 
for 5 minutes, suspended in 0.5 mL of cold PBS, centrifuged again at the 
low speed far 5 minutes, and resuspended in 0-5 mL of cold Annexin V 
binding t>ufler (10 mmol/L HEPES, (pH 7.4), 150 mmol/L NaCL 
ZS mmol/L CaCl* 1 mmol/L MgCl* and 4% BSA]. Annexin V-FTTC 
(1.25 pL) was added and Incubated in the dark at room temperature 
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for 15 minutes. The treated ceils were centriftged at the low speed for 
5 minifies and suspend ed again in 0,5 mL of cold binding buffer. 
Propidium iodide (10 uL) was added and the cells were analyzed on a 
Becton Dickinson PACSean Analytic Flow Cytomtter. Anrtoon V-HTC 
fluorescence (FL1) was detected at 516 nm and the propidium iodide 
(FL2) at 620 nm.- 

Head and neck squamous celt wrriwrna xenograft tumors in imaa. 
Five-week-old female athymic nude mice {nufnu} Harlan, Chicago, IL) 
were utilized for in vivo experiments. Animals were housed in sterile 
rodent micro isolator caging, with filtered cage top. Three to four 
animals were housed in each cage, in caging in which the animals rested 
directly on bedding. They were given free access to sterile water and 
food. All cages, covers* and bedding were sterilised weekly. AH ani m al 
procedures were approved by the Institutional Animal Care and Use 
Committee of the West Los Angeles Veterans Affairs Medical Center, 
in accordance with the USPHS Policy on Humane Care and Use of 
Laboratory Animals. Animals were injected with 1 million cells of the 
HNSCC cell line in the left or right flank to form xenograft tumors. 

In vivo intratamoml injection of atmtmhu Xenograft tumors were 
grown for 14 days to a volume of 27 mm 9 and were injected daily for 
5 days with 0.1 mL of either DMSO control or the experimental solution 
of curcumin/DMSO ranging in concentration from 50 to 250 innol/L, 
increased incrementally over 5 weeks, These concentrations were chosen 
because of the in vitro results. Higher concentrations will not 
differentiate the effect of curcumin from DMSO because high concen- 
trations of DMSO could also result in cell death. Because we did not 
observe any tumor suppression after each week of treatment with the 
dose of curcumin used, the dose was increased every week. Therefore, 
during the first week tumors were injected with 50 umol/L curcumin 
daily. During the second week, rumors were injected with 100 umol/L 
curcumin daily. During the third week; tumor* were injected with 
150 urnol/L airairnin daily. During the fourth week, tumors were 
injected with 200 umol/L curcumin dairy. During the fifth week, tumors 
were injected with 250 umol/L curcumin daily. Final DMSO concen- 
trations ranged from 0.05% for the 50 uraol/L curcumin dose to 0.25% 
for the 250 umol/L curcumin dose. Control tumors were injected with 
0.1 mL of DMSO daily for S weeks. Tumor size was measured weekly. 
At the end of 7 weeks, animals were euthanized, blood samples were 
taken, -end organs were harvested for toxicology 

Topical paste application of curcumin. Tumors were grown for 
14 days, as described before* to a volume of 27 mm 3 and then a topical 
paste of curcumin in saline was applied daily onto the tumor. 
Curaiinin is insoluble in saline; therefore/ a thick paste was formed 
with 1 g of curcumin added to 1 mL of saline. The entire tumor was 
covered by the paste and new paste was applied to the tumors daily. 
Topical saline or topical DMSO alone was applied daily as control 
treatment. Tumor size was measured weekly for 3 weeks. At the end 
of 3 weeks, animals were euthanized, blood samples were taken, and 
'organs were harvested for toxicology. 

Tocology studies. Blood samples were taken from the mice before 
euthanasia Complete blood counts, as welt as levels of electrolytes, urea 
nitrogen, creatinine, and sorbitol dehydrogenase, a mouse liver function 
enzyme, were measured to determine effects on bone marrow, kidney, 
and liver function. Mouse organs, including skeletal muscle, thyroid, 
salivary gland, pancreas, brain, liver, and g astro intestinal organs, were 
also studied by a pathologist to determine inflammatory, hyperplastic 
or neoplastic changes that could be due to curcumin toxicity. 

Statistical analysis. The data were analyzed by both ANOVA and 
two-group t tests. Each AN OVA model used three terms: group 
(curcumin versus DMSO alone), dose, and the group by dose 
interaction effect. Next, the two-group t test was used to compare the 
two groups at each of the doses in the two experiments. 

Results ' , 

Growth inhibition of head and neck squamous cell carcinoma 
cell lines wUh curcumin. Four different cell lines were tested 



for growth inhibition with varying concentrations of curcumin. 
CCL23 represented a slow-growing laryngeal tumor, whereas 
CA127, UM-SCCl, and UM-SCC14A represented more aggres- 
sive oropharyngeal and oral cavity cancers. DMSO, which was 
used for dissolving airaimin, served as the control. For each 
cell line, at least three independent experiments were carried 
out and each was done in triplicate in 96-well plates. 

Treatment of CCL23 with curcumin in increasing doses 
resulted in dose-dependent cytotoxicity (Fig. 1A). Similarly, 
treatment of GAL27 and UMSCC-1 cell lines with curcumin 
also resulted in cell death (Fig. IB and C). There was dose- 
dependent cell death in three cell lines, with maximal killing at 
the highest concentrations (150 umol/L for CCL23 and SCC-1, 
and 300 umol/L for CA127). Curarmin treatment of SCC-1 4A 
resulted in growth inhibition, similar to GAL27 (data not 
shown). ANOVA analysis indicated that for the individual 




Ffe.1. Growth M&kfon of HNSCC eefl» In vitro with cummin. 
3-(^5-Dimethyimfe^2^-Z5-dichenvlletrB^um bromide assays wars 
tforta on CCL23 {A\ CALZ7 (fl), and UM-SCCl {£) ttfls following treatment 
with increasing doses of cuxcumin dissolved in DMSO. DMSO atone h aa 
soma inhWtory effect howevev CufCUmln has a significantly greater cytotoxic 
effact in at three cefl Tmaa (P < O0001V There is noaF-COmplew cafl death with 
150 iitnoVL Of curcumin n CCL23 and UM-SCCl ccD lines, and a concentralien 
cf 400 jimoi/L Is required to achi<»0 eomplata cal kBlng In CAL27 cede. 
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Fig. 2, Putrescence- activated col 
sorting analysis of HNSCC ceUs treated 
wfthcurcumln. Bottom fa ft, representing 
live ceUs, shows decreased eurvival by 
voatmcntwUh curwmln in both CCL23 
and CAL27 cell fine*. Than? is s hi^er 
proportion of esHy apoptotic ce[b {paiiom 
right) inGAU7cdU, 
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ceil lines and for the treatment group (cuicumin versus 
DMSO), the correlation between cell death and increasing 
concentrations of curairnin was significant (P < O.ODOl). 

fluorescent-activated cell sorting analysis Was done on cells 
treated with 50 umol/L of cuicumin, the concentration 
inducing measurable cell death in all of the cell Lines. As seen 
with the viability assay, compared with the control DMSO- 
treated"* cells, both CCL23 and CAL27 cell lines showed 
increased cell death with the addition of curcumin (Fig. 2). 
CCL23 cells had a marginally lower percentage of total cell 
death (27% compared with 33% in CAL27) and a lower 
percentage of cells in early apoptoais (6% compared with 
17% in CAL 27 cells). 

Reduc ed nuclear expression of nuclear fa ctar- kJ3 in CCL23 and 
CAL27 cell Urns. To determine the mechanism of the growth 
suppressive effect of curairnin, expression of cell cyde and 
apoptotic genes was measured. Protein extracts prepared from 
cells treated with 50 jimol/L curcumin for different time periods 
(from 2 to 6 hours) were analyzed by the gel shift assay to 
determine the level of NF-k3- Extract was also prepared from 
untteated cells and cells treated with 0.05% DMSO, the amount 
present in curcumin preparations, as controls. Hie analysis 
showed a reduction in the level of NF-kP within 4 hours of 
curcumin treatment (Fig. 3 A). There was a dramatic decrease in 
NF-Kp after 6 hours, correlating with increased cell death in 
these cell lines. Specificity of NF-Kp binding was observed by 
the loss of bmding with the inclusion of cold double-stranded 
oligonudeotidef but not with the addition of a mutant 
double-stranded NF-k 3 oligonucleotide or a nonspecific" double- 
Stranded activator protein 1 oligonucleotide. 

To confirm that curcumin treatment indeed resulted in 
reduced expression of nudear NF-k ft, immunofluorescence was* 
done using NF-k^ -specific antibody. Cells were also treated 



with TNF-fS to stimulate nuclear transport of NF-k^. There was 
increased nudear expression of NF-Kp with the addition of 
TNF-S for 1 hour to the CCL23 cells (Fig. 3B). This expression 
was marginally altered by a 30-minute posttreatment with 
curcuinin. However/ a 30-minute pretreatment with ctrrcumin 
before the addition ofTMF-3 showed a significant reduction in 
NF-Kp expression, dearly mdicating the effect of curcumin on 
the expression of nudear NF-«p\ thereby resulting in growth 
inhibition. 

Reduced jthosphorytatlon of 1/0 (phospho-IkB-at-Ser 2 ) and 
decreased expression of cyeiin Dl in curctmdn-treated cell lines* 
Whereas CCL23 cells express pl6 at a measurable level, p!6 
expression is very low or absent in CAL27 cells. As compared 
with CCL23 cells, GAL 27 cells have higher level expression of 
cyclin Dl. Thus, the level of pl6 expression and fop was 
determined in CCL23 cells and that of cydin Dl and 1^(5 in 
CAL27 cells (Fig. 4). Treatment with 25 p,mol/L of curairnin for 
3 hours did not alter the expression of pl6 and IkP in CCL23 
cells, or the expression of cyclin Dl in CAL27 (Fig. 4A). The 
expression of 1k& was not altered in CAJU7 cells following 
treatment with 25 umol/L of curcumin (data not shown). 
However, there was a significant cUfrerence in their expression 
with the addition of 50 pmolfL arrcuniirL The pl6 level in 
CCL23 was reduced 6 hours postrreatment, possibly reflecting 
ced cell death by this time period (Fig. 4B). The decreased 
expression of cyclin Dl and Ltp Sn CAL27 was observed within 
2 hours following treatment with aixanrun. Complete absence 
of expression was observed after 4 hours of curcumin treatment 
fox cydin Dl and after 6 hours for Ik£. 

To confirm that cydin Dl expression was reduced within 
2 hours of cmcumin treatment, the more sensitive immuno- 
fluorescence strategy was applied using a cydin Dl -specific 
monodonal antibody. Cydin Dl expression was seen both in 
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the nucleus and in the cytoplasm of untreated CAL27 cdb and 
in cells treated with DMSO for 1 htfur (Fig. 4C). However, the 
level of cytoplasmic expression went down within 30 minutes 
of curcumin treatment. Nuclear expression was reduced by 
1 hour, and the expression was mostly confined to the nuclear 
membrane after 2 hours of treatment Thus, the transcription, 
stability, and/or localization of cydin Dl were affected with 
curcumin treatment in CAL27/ an aggressive cell line' containing 
high-level expression of cydin Dl. 

To show the direct correlation between the expression of 
NF-Kp and cydin Dl, we analyzed CCL23 cells in the presence 
of Wf-fr which should increase the nuclear translocation of 
NF-Kp. The final concentration of TNF-p used was 10 ng/mL. 
Figure 5 shows increased nuclear expression of NF-Kp in the 



presence of TNF-0. There was also an increased expression of 
phospho-lKB and cydin Dl with TNF-p. Curcumin treatment 
resulted in reduced expression of phospho-InB and cydin Dl. 
This effect was also seen in the presence ofTNF-(5. In addition, 
expression of NF-K& was also reduced following treatment 
with curcrimrn and TNF-fr, Thus, the combined gel shift and 
Western blotting studies showed that there was a direct 
correlation between reduced nudear expression of NF-k^ and 
decreased expression of an NF-wp activated gene, cydin Dl , Tin 
curcumin-treated cells. 

In vivo inhibition of tumor xenografts with curcumin paste* 
Initially, CCL23 xenografts in nude mice were injected intra- 
tiunoralry with curcumin dissolved in DMSO. There was little 
to no effect on tumor growth (data not shown), and the 
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cytoplasm ffopfsfl) and is transported to 
the nucleus wrth the addition of TN^fc tor 
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and a modest reduction in cytoplasmic 
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Ftg. 4. Decreased expression erf cyciin 
D1 and phospho-lNB-a after cucumin 
treatment. A , mo expression of pi 6 in 
CCL23 cods and cycGn Dl in CAL27 cefls 
are not affected after 8-hour treatment 
with 26 jimot/L curcumtn.The level of 
phospho-lrVB-a Is aUghtly reduced h 
CCL23 ctA Is. Howavor, as seen b (ff ), 
expression of eycltn 01 end phoepho- 
IF-k8-« ere significantly reduced within 
2 hours ofcvrcvmiri treatment in CALZ7 
cellt. hhlbWoft of phospho-lKB expression 
lndfoll£3 that the ceP kilDng is mediated 
through the NFitB pathway. "The level of 
pi 6 decreases In CCL23cetla at 6 hours 
posttzeatmant, possibly reflecting 
Increased ceil death by this time period. 
C, Immunofluorescence assay shows the 
level of cycun Dl, both in the cytoplasm and 
In the nucleus, to be reduced within 1 hour 
Of curcumin treatment compared with 
untreated celts or cells treated with DMSO. 
After 2 hours of curcumin treatment, cydin 
Dl expression dramatically reduced and is 
present mostly in the nuclear membrane. 
These results confirm ths data obtained with 
the Western Wot Studies, tndTcflang reduced 
expr&sston of cycGn Dl possibly due to 
decreased transcription and Increased 
pfOteosomat degradation after treatment 
with curcurniTi- 
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delivery of curcumin seemed to be inadequate despite the 
weekly dose escalation. Both control and curanun-rreated 
tumors grew at similar rates to a large size by the end of the 
experimental period. A solution of curcumin/DMSO ranging in 
concentration from 50 to 2^0 urnol/L was increased incremen- 
tally over 5 weeks. Higher concentrations of curcumin will 
not differentiate the effect of mrnrmrn from DMSO because 
the higher concentrations of DMSO required could also result 
in cell death, as seen in the cell* treated with DMSO alone 



(rig. I). An additional problem was that much of the 
curcurnin/DMSO solution leaked out of the injection site and 
there was significant skin necrosis at that site. 

Therefore, to increase the concentration of curcumin applied 
amt to increase absorption through the skin, curcurnin was 
applied as a paste. Cuxcumin paste is often used as a poultice in 
TnHTa f and there seems to be effective absorption through the 
aViTi of hamsters (19). DMSO was used initially, but because of 
the difficulty in farming a paste with a high concentration of 
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aircumin, ultimately saline was used for the preparation of 
curcumhi paste. The paste had a fhick consistency, and this 
method allowed topical application of a higher concentrat- 
ion of curcumin onto xenograft tumors. In addition, the paste 
would remain on the tumor for several hours, allowing 
enhanced absorption. Xenografts treated with DMSO or saline 
alone were used as controls. Treatment with the saline/curcurnin 
paste resulted in the inhibition of tumor growth in the xeno- 
grafts. Growth inhibition was seen in the majority of CAL27 
xenograft tumors (Fig. 6). There were 5 mice in the control 
CAL27 group and 12 mice in the experimental (curcumin- 
treated) CAL27 group. Tumor growth was observed tor 3 weeks. 
There was a significant decrease in the mean size of the tumors 
treated with curcumin paste. Modest inhibition of tumor 
growth was seen in other cell line xenografts (data not shown). 

Toxicity studies. There were no significant abnormalities in 
electrolytes or complete blood counts of cuiannin-treated 
mice, signifying minimal bone marrow or renal toxicity. Sor- 
bitol dehydrogenase* a mouse liver enzyme; was mildly ele- 
vated in one anirnaL There was mild elevation of blood urea 
nitrogen in some of the mice, indicating possible dehydration; 
however, creatinine levels were normal. Finally, there were no 
abnormalities in skeletal muscle, thyroid, salivary gland, 
pancreas, brain, or gastrointestinal organs. In the livers of a 
few of the mice, mild subacute bile duct hyperplasia was seen. 

Discission. , \\ 

HNSCC represents 5% of cancers diagnosed annually in the 
United States. In 2003, 37,200 new cases of head and neck 
cancers, including skin cancers, were identified in the United 




Fig. Sw Western blot damMistrating association between expression of NF-*B and 
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Rg.6. IrtftibiSon of mrde rrtc a xenograft tumors. Appfcattoo of cvfcumln » a pasta 
results En a modest growth reduction in CALZ7 tumors* There were 12 mtce In the 
experimental group treated with curcumin pasts and five mice In the control group 
treated with safine* 

States (20). Head and neck cancer refers to a large heteroge- 
neous group of tumors, including the face, nasopharynx oral 
cavity, oropharynx, hypopharynx, and/or larynx The predom- 
inant histologic type is squamous cell carcinoma, representing 
>90% of cases diagnosed each year. Studies have shown 
predisposing factors to head and neck cancers include chronic 
tobacco and alcohol use (21). Despite multiple modalities of 
treatment such as surgery, radiation, and chemotherapy, head 
and neck cancers continue to have the one of the lowest 5-year 
survival rates (1), Extensive work has been done to determine 
if one modality or combination of modalities has any effect on 
survival. As a consequence of surgery, radiation, and chemo- 
therapy, debilitating outcomes are often observed and experi- 
enced by the patients. 

Surgery is often the primary treatment in head and neck 
cancers, followed by postoperative radiation therapy. Patients 
who are diagnosed with advanced head and neck cancer and 
undergo surgery are subjected to lengthy, high-risk operations, 
which often result in functional impairment and disfigurement. 
Not only are these people physically altered but their quality 
of life declines, and survival tunes may be measured only in 
months (22 -24). 

The success of chemotherapy and radiation protocols for 
organ preservation of laryngeal cancers has led to the increasing 
use of these protocols for nonlaryngeal HNSCC. Combined 
chemotherapy and radiation therapy have been implemented 
for stage 1H/IV head and neck cancers as an alternative pri- 
mary treatment modality. Chemotherapy acts as a radiation 
sensitizer, which improves the tumoriddal activity of radiation. 
Current standard chemotherapy protocols tor HNSCC involve 
the use of osplatin and 5-fluorouradL Radiation is delivered 
either following chemotherapy or in a concomitant mode. 
Earh of these modalities has multiple associated toxicities, 
including xerostomia dysphagia, fever, leukopenia, anorexia, 
and difficulty in assessing recurrence (25). 

The sigruficant morbidity of surgery, radiation, and chemo- 
therapy for HNSCC has led to searches for alt e rn a tive, less toxic 
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therapies; Tumorigenesis is a result of amplification or over- 
expression of oncogenes and/or thfe inactrvation of tumor 
suppressor genes. Thus, novel approaches in treatment of head 
and neck cancer include the targeting of cell cycle and apoptotic 
genes (26-28]. Alternate therapies are also tried using small 
molecule inhibitors to target an-tiapoptotic genes (25, 30). 
Other therapies, such as the use of green tea, have aUo been used 
to inhibit head and neck cancer in animal models. Treatment 
whh green tea, alone or in combination with curaiTnrri, resulted 
in decreased cell proliferation in head and neck squamous cell 
lines. When treated with green tea and/or curcumin, cancer cells 
inhibited the activation of the antiapoptotic transcription fac- 
tors activator prptein 1 and NF-kB (19). 

Many studies have shown that curcumin suppresses the 
proKferation of a variety of tumor cells, including breast, colon, 
oral, lung, melanoma, myleoma, leukemia/ and prostate carci- 
noma (6 - 9, 3 1 - 35) . The mechanism by which curcumin acts 
is not completely understood. It has many hypothesized ac- 
tions, including inhibition of proliferation induced by growth 
factors, suppression of the cell cycle, and induction of apoptosis 
through mitochondrial-4ependent (40 r 41) or mitochondrial- 
independent pathways {6, 42-44). Corcumin also down- 
regulates the antiapoptotic proteins bd-2 and bd-XL another 
potential mechanism by which apoptosis is induced (45, 46). 
We have observed down-regulation of NF-kB and a corre- 
sponding decrease in the expression of cycUn Dl with the 
addition of curcumin. Thus, its growth inhibitory effect is also 
mediated through its inhibitory activity on the transcription 
factor, NF-kB. 

NF-kB is one of the major activators of transcription. Studies 
have shown that inhibition of this pathway could result in 
suppression of tumor growth. One major mechanism of NF-kB 
activation is through inhibition of IkB phosphorylation. This 
would result in the retention of NF-kB in the cytoplasm. TNF-3, 
a major stimulatory factor of NF-kB activation, enhances IkB 
phosphorylation. However, curcumin could prevent this 
phophoryiation and thus result in reduced NF-kB activation. 
Our data supports this effect of curcumin in HNSCC through 
inhibition of the NF-kB pathway. In addition, we also show 
that inhibition of NF-kB activation is accompanied by reduced 



NO. 7180 P. 35 

Growth Inhibition of HNSCC hy Curvumin 



cvdin D 1 expression. Thus, this supports the effect of curcumin 
on cell cyde regulation. 

The effects of curcumin in vivo seem to resuhfrom the amount 
of drug available at the tumor site. Intratumoral injection of 
cdrcurnin was not effective with the concentrations used in our 
experiments. Although it is possible to make more concentrated 
solutions of curcumin and use a smaller volume for injection, 
higher concentrations of curairnin would also require higher 
concentrations of DMSO, in which case it may be difficult to 
differentiate the effect of curcumin from the cytotoxic effects of 
DMSO. We also observed much leakage of curcurnin/DMSO out 
of the injection site and the development of skin necrosis at the 
injection site. As a result, the tumor did not retain the volume 
of curcumin delivered, therefore, application as a paste seems 
to be a better alternative. There was observable suppression of 
in vivo tumor growth in the CAL27 xenografts treated with 
curcumin/ saline paste. Data from these experiments suggest 
that fxucumin/saltne paste could be effective for HNSCC rumor 
suppression. The number of animals and tumors was small, 
however, and further studies are needed to confirm and extend 
the present study to utilize curcumin as an effective in vivo ther- 
apy for head and neck cancer. 

In conclusion, we have shown that curcumin treatment of 
head and neck cancer cell lines results in growth inhibition 
both in vitro and m vivo. We also show that this growth 
reduction is mediated through the inhibition of the antiapop- 
totic transcription factor NF-kB. In addition, we show for the 
first time that curcumin can be used as a topical paste for 
growth suppression of HNSCC xenograft tumors. Further 
studies using a larger set of xenograft tumors and additional 
cell lines are needed to determine whether curcumin has 
potential use as a therapeutic or chemopreventive agent for 
head and neck cancer. 
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Uposome-encapsulated curcurnin: in vitro and in vivo effects 
on proliferation, apoptosis, signaling, and angiogenesis. 

T A \ t] Braiteh FS. Kur/TOCk R. 

Division of Cancer Medicine, Phase I Program and Department of 
Gastrointestinal Medical Oncology, The University of Texas M. D. 
Anderson Cancer Center, Houston, 77230, USA, 

BACKGROUND: Because a role for nuclear fector-kappaB (NF-kappaB) 
has been implicated in the pathogenesis of pancreatic carcinoma, mis 
transcription fector is a potential target for the treatment of this devastating 
disease. Curcurnin (diferuloylmethane) is a phytochemical with potent NF- 
kappaB-inhibitory activity. It is pharmacologically safe, but its 
bioavailability is poor after oral administration. METHODS: The authors 
encapsulated curcurnin in a liposomal delivery system that would allow 
intravenous administration. They studied the in vitro and m vivo effects of 
this compound on proliferation, apoptosis, signaling, and angiogenesis using 
human pancreatic carcinoma cells. NF-kappaB was constittttively active in 
all human pancreatic carcinoma cell lines evaluated and liposomal curcurnin 
consistently suppressed NF-kappaB binding (electrophoretic mobility gel 
shift assay) and decreased the expression of NF-kappaB-regulated gene 
products, including cyclooxygenase-2 Cinnnunoblots) and interleukin-8 
(enzyme-linked immunoassay), both of which have been implicated in 
tumor growth/invasiveness. These in vitro changes were associated with 
concentration and time-dependent antiproUferative activity (3-[4£- 
dimemyltmazol-2-yl]2,5^pheiryltetrazoliumbromd^ assay [MTT assay]) 
and proapoptotic effects (annesrin V/propidium iodide staining 
[fluorescence-activated cell sorting] andpolyadenosine-5'-dipnosphate- 
ribose-polymerase cleavage). RESULTS: The activity of liposomal 
curcurnin was equal to or better man that of free curcurnin at equimolar 
concentrations. In vivo, curcurnin suppressed pancreatic carcinoma growth 
in murine xenograft models and inhibited tumor angiogenesis. 
CONCLUSIONS: Liposomal curcurnin down-regulated the NF-kappaB 
machinery, suppressed growth, and induced apoptosis of human pancreatic 
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cells in vitro. Antitumor andantiangiogenesis effects were observed in vivo. 
The experiments in the current study provide a biologic rationale for 
treatment of patients suffering from pancreatic carcinoma with this nontoxic 
phytochemical encapsulated in liposomes for systemic delivery* Copyright 
2005 American Cancer Society, 

PMID: 160921 1 8 [PubMed - indexed for MEDLINE] 
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INTRODUCTION 

Rosacea is well recognized- as s chronic cutaneous disorder primarily of the convexities of the central 
face (cheeks, chin, nose, gnd central forehead), often characterized by remissions and exacerbations. 
Based on present knowledge, it is considered a syndrome, or typology, encompassing various 
combinations of such cutaneous signs as flushing, erythema, telangiectasia, edema, papules, 

pustules, ocular lesions, and rhlnophyma. 1 In most cases, some rather than afl of these stigmata 
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appear in any given patient 

Rosacea appears to be Quite common, and in an epidemiologic study in Sweden its prevalence was 
1 Q%. 2 It has been most frequently observed in patients With fair skin, but has also been diagnosed in 
Asians and African Americans. Rosacea occurs In both men and women and, although it may occur at 
any age, the onset typically begins at any Gme after age 3Q. 3 

Despite its apparent high incidence, the nosology of rosacea is not well established, and the term 
"rosacea" has been applied to patients and research subjects with a diverse set of clinical findings that 
may or may not be an integral part of this disorder. In addition to the diversity of dlnlcal manifestations 
the etiology and pathogenesis of rosacea are unknown, and there are no histologic or serologic 
markers. 

Therefore, the National Rosacea Society assembled a committee to develop a standard classification 
system that can serve as a diagnostic instrument to investigate the manifestations and relationships of 
the several subtypes and potential variants of rosacea. Standard criteria tor diagnosis and 
classification of patients are essential to perform research, analyze results and compare data from 
different sources, and may further serve as a diagnostic reference In clinical practice. The standard 
terminology will also facilitate clear communication among a broad range of basic, clinical, and Other 
researchers; practicing dermatologists, primary care physicians, ophthalmologists and other 
specialists; health and insurance administrators; and patients and the general public. 

The committee based the standard classification system on present scientific knowledge end 
morphologic characteristics, This avoids assumptions on pathogenesis and progression, and provides 
a framework that can be readily updated and expanded as new discoveries are made. As knowledge 
Increases, it is hoped that the definition of rosacea may ultimately be based on causality, father than 
on morphology alone. 

The following provisional classification system describes the primary features of rosacea and defines A 
subtypes and 1 variant Evolution from one subtype to another may or may not occur, and research to 
investigate this process may provide Important Insight into the pathogenesis of rosacea. Regardless of 
subtype, however, each individual characteristic may progress from mild to moderate to severe. Early 
diagnosis and treatment are therefore recommended. 



DIAGNOSTIC CRITERIA top 



Primary features 

Rosacea typically affects the convexities of the central face- The presence of one or more 
of the following signs with a central face distribution Is Indicative of rosacea. These signs 
are commonly transient, and each may occur independently. Many patients may present 
with more than one of these diagnostic features- 

• Flushing (transient erythema). A history of frequent blushing or flushing is common. 

• Nontransient erythema. Persistent redness of the facial skin is the most common sjgn of 
rosacea. 

m Papules and pustules. Dome-shaped red papules with or without accompanying pustules, 
often In crops, are typical. Nodules may also occur. Although patients with concomitant acne 
may exhibit comedones, comedones should be considered part of an acne process unrelated 
to rosacea. 

• Telangiectasia. Telangiectases are common but not necessary for a rosacea diagnosis. 
Secondary features 

The following signs and symptoms often appear with one or more of the primary features 
of rosacea, but In some patients can occur Independently. 

• Burning or stinging. Burning or stinging sensations with or without scaling or dermatitis may 
occur, especially on malar skin. 4 

• Plaque. Elevated red plaques without epidermal changes in the surrounding skin may occur. 
m Dry appearance. Central facial skin may be rougrrand scaling so as to resemble dry skin and 

suggest an eezematous dermatitis, and may often indude the coexistence of seborrheic 
dermatitis- This "dryness" may be associated with burning or Stinging sensations, and may be 
caused by irritation rather than the disease process. 

• Edema. Edema may accompany or follow prolonged facial erythema or flushing. Sometimes 
soft edema may last for days or be aggravated by Inflammatory changes. Solid facial edema 
(persisting hard, nonpitting edema) can occur with rosacea, usually as a sequel of the 
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papulopustular type, and also independently of redness, papules and pustules, or phymatous 
changes. 

* • Ocular manifestations. Ocular manifestations are common, and range from symptoms of 
burning or itching to signs of conjunctival hyperemia and lid inflammation. Styes, chalazia, and 
corneal damage may occur in many patients with rosacea in addition to cutaneous stigmata. 
The severity of ocular manifestations may not be proportional to those of the skin. 

• Peripheral location. Rosacea has been reported to occur In other locations, 5 but the frequency 
and occurrence of this are ill-defined. Rosacea in peripheral locations may or may not be 
accompanied by facial manifestations. 

• Phymatous changes. These can include patulous follicles, skin thickening or fibrosis, and a 
bulbous appearance. Rhinophyma is the most common form, but other phymas may occur 
Table I). 



Table I. Guidelines for the diagnosis of 
rosacea 



Presence of one or more of the following primary features: 
Flushing (transient erythema) 
Norrtraneient erythema 
Papules and pustules 
Telangiectasia 

May include one or more of the following secondary features: 
Burning or stinging 
Plaque 

Dry appearance 
Edema 

Ocular manifestations 
Peripheral location 
Phymatous changes 



SUBTYPES 



Top 



The primary and secondary rosacea features described above often occur together. The most 
common patterns or groupings of signs are provisionally designated as specific subtypes of rosacea 
and are described here (Table II). Each subtype includes the fewest signs sufficient to make a 
diagnosis of the subtype (though not necessarily limited to these), and patients may have 
characteristics of more than one rosacea subtype at the same time. 

Subtype 1: Erythematotelangiectatic rosacea 

ErythematoteJangiecratic rosacea Is mainly characterized by Mushing and persistent 
central racial erythema* The appearance of telangiectases Is common but not essential foi 
a diagnosis of this subtype. Central fadal edema, stinging and burning sensations, and 
roughness or scaling may also be reported, A history of flushing alone Is common among 
patients presenting with erythematotelangiectatic rosacea. 

Subtype 2: Papulopustular rosacea 

PaoiiloDustular rosacea is characterized by persistent central facial erythema with 
SnX^pules or pustules or both In a central facial distribution However, papules anc 
iSSiS may occur ptforlRcMly (that is, they may occur In the perioral, perinasal, 
or periocular areas). The papulopustular subtype resembles acne vulgaris, Wt ftrt 
comedones are absent. Rosacea and acne may occur concomitantly, and such patients 
may have comedones as well as the papules and pustules of rosacea. Burning and 
stinging sensations may be reported by patients with papulopustular rosacea. 

This subtype has often been seen after or in combination with subtype 1 including! the 
presence or telangiectases- The telangiectases may be obscured by persistent efyth^ma 
S7ulesT or pustules, and tend to become more visible after successful treatment of these 
mesWng components. 
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Subtype 3: Phymatous rosacea 

Phymatous rosacea includes thickening skin, irregular surface nodularities, and 
enlargement. Rhlriophyma is the most common presentation, but phymatous rosacea 
may occur In other locations, including the chin, forehead, cheeks, and ears. Patients wltr 
this subtype also may have patulous, expressive fblHeles in the phymatous area, and 
telangiectases may be present. 

This subtype has frequently been observed after or in combination with subtypes 1 or 2, 
Including persistent erythema, telangiectases, papules, and pustules. In the case of 
rhlnophyma, these additional stigmata may be especially pronounced in the nasal area. 



Subtype 4: Ocular rosacea 

The diagnosis of ocular rosacea should be considered when a patient's eyes have one or 
more of the following signs and symptoms; watery or bloodshot appearance 
(Interpalpebral conjunctival hyperemia), foreign body sensation, burning or stinging, 
dryness, itching, light sensitivity, blurred vision, telangiectases of the conjunctiva and lid 
margin, or lid and periocular erythema. Blepharitis, conjunctivitis, and irregularity of the 
eyelid margins also may occur. 6 Meibomian gland dysfunction presenting as chalazion or 
chronic staphylococcal infection as manifested by hordeolum (stye) are common signs of 
rosacea-related ocular disease. Some patients may have decreased visual acuity caused 
by corneal complications (punctate keratitis, corneal Infiltrates/ulcers, or marginal 
keratitis). 7 Treatment of cutaneous rosacea alone may be Inadequate in terms of 
lessening the risk of vision loss resulting from ocular rosacea, and an ophthalmologic 

approach may be needed. 8 

Ocular rosacea is most frequently diagnosed when cutaneous Signs and symptoms of 
rosacea are also present, However, skin signs and symptoms are not prerequisite to the 
diagnosis, and limited studies suggest that ocular signs and symptoms may occur before 
cutaneous manifestations in up to 20% of patients with ocular rosacea. Approximately 
half of these patients experience skin lesions* first, and a minority have both 
manifestations simultaneously. 9 



Table II. Subtypes and variants of rosacea and their characteristics 

Characteristics 

Subtype . . 

EnrthematatelangiectaUc Flushing and persistent central Mai erythema with or without telangiectasia. 
Papulopustule Persistant central facial erythema with transient, central facial papules cr pustules or 

both. 

Phymatous Thickening skin. Irregular surface nodularities and eniarflfiment May occur on the 

nose, chin, forehead, cheeks, or ears. 
Ocular Foreign body sensafon in the eye, burning cr stinging, dryness. Itching, ocular 

pholosensitn/ity , blurred vision, telangiectasia of the sclera or other parts of the eye. 

or periorbital edema. 

Variant 

Granulomatous Noninflammatoiy; hard; Drawn. yeDov*. or red cutaneous papules; or nodules of 

unifdnn size. 



VARIANTS Tpp 

Valiants of rosacea, which do not represent morphologic patterns or combinations as seen in rosacea 
subtypes, may occur. To date, the committee has recognized one such variant 



Granulomatous rosacea 

Granulomatous rosacea is characterized by hard, yellow, brown, or red cutaneous papules 
or nodules that may be severe and lead to scarring. These lesions tend to be 'ess 
inflammatory than papules and pustules and sit upon relatively 
They can vary in size among patients but are monomorphlc In each Individual patient, 
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and typically appear on the cheeks and periorificial areas. Granulomatous rosacea may 
occur In locations other than those In which the phymas are observed* The presence of 
other rosacea signs is not needed for a diagnosis of the granulomatous rosacea variant. 



The committee noted that certain disorders may have been prematurely identified as associated with 
rosacea or as a variant of rosacea, and for clarity should be recognized at this time as separate 
entities. There is insufficient basis at present to Include the following conditions as types of rosacea. 



Rosacea fulminans 

Popularly known as pyoderma faciale, the grouping of this disorder as a type of rosacea i< 
premature. It is characterized by the sudden appearance of papules, pustules, and 
nodules, along with fluctuating and draining sinuses that may be Interconnecting. The 
condition appears primarily In women in their 20s, and intense redness and edema also 
may be prominent. 

Steroid-induced acnerform eruption 

Steroid- induced acnelfcrm eruption is not a variant of rosacea and can occur as an 
Inflammatory response In any patient during or after chronic corticosteroid use. The same 
Inflammatory response may also, of course, occur in patients with rosacea. 

Perioral dermatitis 

Although rosacea papules may appear in the perioral area, as noted earlier, perioral 
dermatitis without rosacea symptoms cannot be classified as a variant of rosacea. Perlora 
dermatitis is characterized by such srjgmata as microvesides, scaling, and peeling. 



FUTURE Tc 

This investigational instrument Is intended to set the stage for a better understanding of rosacea and 
its subtypes among researchers and practitioners by fostering communication and facilitating the 
development of a research-based classification system. As a provisional standard classification 
system, it is likely to require modification in the future as the pathogenesis and subtypes of rosacea 
become clearer, and as its relevance and applicability are tested by investigators and clinicians. The 
committee welcomes reports on the usefulness and limitations of these criteria. 

The Committee thanks the following individuate who reviewed and contributed to this document pr 
Joel Bamford, Department of Dermatology, St. Mary'sfDuluth Clinic; Dr Mats Berg. Department of 
Dermatology, Malar Hospital. Eskilstuna, Sweden; Dr Albert Kligman. Department of Dem^tology. 
University of Pennsylvania; Or Mark Mannis. Department of Ophthalmology. University of California- 
Davis- Dr Ronald Marks, Department of Dermatology, University of Wales Medical Center, Cardiff, 



1. Wilkin JK. Rosacea; pathophysiology and treatment Arch Dermatol 1994: 130:359-62. 

2. Berg M, Liden S. An epidemiological study of rosacea. Acta Demi Venereol 1989:69:419- 



EXCLUSIONS 



Top 




REFERENCES 



Top 



PAGE 43/75 ' RCVDAT 3/1/2006 6:14:51 PM [Eastern Standard Time] 1 SMPTO-EFXRF-5J16 ' DN1S:2738300 ' CSID: ' DURATION (mn>ss):6148 



MAR. 1.2006 6:37PM PABST PATENT GROUP NO. 7180 t>_P, 44 



3. Drake L. Survey maps typical progression from rosacea's first appearance. Rosacea 
Review 1995;wrnten2. 

4. Lonne-Rahm S-B, Fischer T, Berg M. Stinging and rosacea. Acta D$rm Venereol 
1999;79:460-1. 

5. Jansen T r PJewig G. Rosacea: classification and treatment JH Soc Med 1997;90:144-60. 

6. Macsai MS, Mannis MJ, Htfntiey AC. Acne rosacea. In: Eye and skin disease. Philadelphia: 
Lippin toft-Raven; 1 996. p. 335-41 . 

7. Chen DM, Crasfay DL Periorbital edema as an initial presentation of rosacea. J Am Acad 
Dermatol 1997;37:346-6, 

ft. Akpek EK, Merchant A, PinarV, Foster CS. Ocular rosacea: patfent characteristics and 
follow-up. Ophthalmology 1997; 104:1 663*7, 

9. Browning DJ, Praia AD. Ocular rosacea. Surv Ophthalmol 1966;31:145-56. 



PAGE 4475 ' RCVDAT 3/1/2006 6:14:51 PM [Eastern Standard Time] ' SVR:USPTO-EFXRF-6/16 ' DNIS:2738300 ' CSID: 1 DURATION (mnws):6148 10/28/2005 



MAR. 1.2006 6:37PM PABST PATENT GROUP 




ROSACEA 



.org 



PATIENTS 



osacea Review 
Newsletter 

[Current Issue 

Past Issues 
ndex by Topic 
ubscrlptions 

How to Donate 

Home 



ROSACEA REVIEW 



PHYSICIANS 



1-888-NO^BLUSH 

900 S. NORTHWEST HWY., SUITE 200 
BARRDiGTON.lL GOD 10 



RESEARCH GRANTS 



r 



RC 

sc 




Fall 2005 

• FEATURE: Scientists Report New findings at Rosacea Research Workshop 

• FEATURE: Therapy, Lifestyle Bring Successful Rosacea Control 

• FEATURE: Hot Sauce, Wine arid Tomatoes Cause Flare-ups, Survey Finds 

• Q St A: Answers to Readers 1 Questions 

• TIPS: Reducing Holiday Flare-ups 

• READER SURVEY ON ROSACEA 

• BRIEF: Is it Rosacea — or Just Sun Damage? 

• SUCCESS STORY; Florida Heat, Sun Not Only Cause for Her Red Face 



Contact 

phone: 

1-SSS-NO-BLUSH 

e-mail: 

rosaceas@aol.com 



Q. Is there any evidence that certain vitamins help control rosacea? 

A. Studies have not been conducted to determine whether any vitamin may hefp control 
the signs and symptoms of rosacea. However, niap'n, one of the B complex vitamins 
found in certain foods as well as supplements, may act as a vasodilator and consequently 
induce or Intensify Rushing. Rosacea sufferers affected by niacin therefore may wish to 
avoid foods or supplements containing this substance. As a preventive measure, aspirin 
taken one to two hours before Ingesting foods or supplements with niacin may reduce the 
Intensity of the flush. 1 



Q. What is the difference between rosacea and adult acne? 

A, Although rosacea has sometimes been referred to as "adult acne, 11 it is a distinctly 
different disease than acne. The bumps and pimples of adult acne resemble the papules 
and pustules of subtype 1 rosacea, but there are a number of Important differences 
between the two disorders. 

Unlike rosacea, which typically appears in'the central facial area, acne often appears on 
the lateral as well as the centra) face, especially In older teens. Also, unlike acne, rosacea 
does not include comedones, commonly known as blackheads. In further contrast to 
acne, rosacea is usually associated with flushing, and ocular signs and symptoms are 
frequently present. 



Associated Reference 



1. Wilkin JK. Recognizing and managing rosacea. Drug Therapy, 1993;June:41-49. 
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D. VEGF-C and VEGF-D coordinate the development of blood vascular and lymphatic endothelial 680 
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C- Vascular tumors express VEGFR-3 in the endothelium 687 
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Jussila, Lotta, and Karl AUtalo. Vascular Growth Factors and lymphangiogenesis. Physiol Rev 82: 673-700, 2002; 
10.1152/phy5rev.00005.2002.— Blood and lymphatic vessels develop in a parallel, but independent manner, and 
together form the circulatory system allowing the passage of fluid and delivering molecules within the body* 
Although the lymphatic vessels were discovered already S00 years ago, at the same rime as the blood circulation was 
described, the rymphatic system has remained relatively neglected until recently. This is in part due to the difficulties 
in recognizing these vessels in tissues because of a lack of specific markers. Over the past few years, several 
molecules expressed specifically in the lymphatic endothelial cells have been characterized, and knowledge about 
the lymphatic system has started to accumulate again. The vascular endothelial growth factor (VEGF) family of 
growth factors and receptors is involved in the development and growth of the vascular endothelial system. Twoof 
its family members, VEGF-C and VEGF-D, regulate the lymphatic endothelial cells via their receptor VEGFR-3. with 
the aid of these molecules, lymphatic endothelial cells can be isolated and cultured, allowing detailed studies of the 
molecular properties of these cells. Also the role of the rymphatic endothelium in immune responses and certain 
pathological conditions can be studied in more detail, as the blood and lymphatic vessels seem to be involved in 
many diseases in a coordinated manner. Discoveries made so far will be helpful in the diagnosis of certain vascular 
tumors, in the design of specific treatments for lymphedema, and in the prevention of metastatic tumor spread via 
the lymphatic system, 

www.pr^oig 0091-3333/02 $15.00 Copyright ©2002 the American Physiological Society 673 
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674 LOTTA JUESUA AND KAEI ALITALO 

I. INTRODUCTION TO ANGIO GENE SIS proteases produced by the endothelial cells. This allows 

AND LYMPHANGIOGBNESIS the chemotactic migration of endothelial cells toward 

angiogenic stimuli. Subsequently, the endothelial cells in 
Embryonic vascular development involves a complex the midsection of the new vessels proliferate and form a 
series of events during which the endothelial cells differ- lumen, and adjacent sprouts anastomose and form loops, 
entiate, proliferate, migrate, and undergo maturation into which become perfused with circulating blood. The loops 
an organized network of vessels (176, 177). The first step between the vessels can also form by another mechanism 
in the development of the blood vessels is called vascu- called Sntussusceptive growth, a form of angiogenesis 
logenesis, which is the process where endothelial cells involving the in situ remodeling of the vessels by protrud- 
are generated from their mesenchymal precursors and ing interstitial tissue columns. In this process, a large 
spontaneously assemble into tubules that fuse to form the sinusoidal capillary can be divided into smaller capillar- 
primary vascular plexus of the embryo. Remodeling and ies, which then grow separately (176). 
expansion of these primary vessels into arteries, veins, Although endothelial cells initiate angiogenesis, they 
and capillaries of different sizes is called angiogenesis. cannot complete the process. Newly formed capillary 
Although, by definition, vasculogenesis precedes angio- sprouts are fragile and remain susceptible to remodeling 
genesis, in practice the two processes continue In parallel as long as they lack appropriate perivascular structures, 
during early development Tissues that are vascularized The maturation of new blood vessels into stable and 
by vasculogenesis are generally of endodermal origin functional vessels requires the accumulation of a basal 
(lung pancreas, spleen, heart, and large blood vessels), lamina and recruitment of pericytes and smooth muscle 
while tissues of ectodermal and mesodermal derivation cells to cover tightly the ablurninal side of the vessel (Fig. 
(such as the kidney and the brain) are vascularized pri- 1) (93). The smooth muscle cells provide structural sup- 
marily via angiogenesis. port to the larger vessels protecting the vessels against 

The oxygen and nutrients supplied by the vascular rupture and are important regulators of blood flow and 
system are crucial for cell function and survival. In fact, pressure by their contractile abilities (22). Pericytes are 
the cardiovascular system is the first organ system to absent or only loosely attached to vessels undergoing 
develop in embryos, supplying oxygen and nutrients to angiogenesis, suggesting that the mural cells stabilize nas- 
the growing tissues. During organogenesis, the proximity cent vessels by inhibiting endothelial cell proliferation 
of growing cells to the circulation is ensured by the and migration and by stimulating extracellular matrix 
coordinated growth of blood vessels and organ paren- production (19). Under certain conditions the pericytes 
chyma. At the same time that the blood vessels form, the support endothelial cell survival, for example, in the neo- 
precardiac myoblasts develop by differentiating from the natal retina during hyperoJda-induced regression of the 
mesothelial cells and form the' heart (179). On day 9 of retinal vessels, where associated pericytes spare some of 
mouse embryonic development (E9), the heart starts to the vascular branches (19). 

beat and blood starts to circulate through the newly Smooth muscle cells are separated from the endothe- 
formed network of vessels (147). In the yolk sac blood Hal cells by a basement membrane and thus are : not im 
islands, mesenchymal cells give rise to both endothelial direct contact with the endothelium. In contrast, the pen- 
and hematopoietic cells (37). These cells organize into cytes share their basement membrane with the endottie- 
clusters consisting of future endothelial cells in the outer lial cells and make direct contact with them through holes 
• layer surrounding hematopoietic cells. The endothelial in the basement membrane, hi sites where selective fa- 
cells then coalesce with those of the neighboring blood trarion is required, like in the kidney glomeruli and ung 
islands to form a primitive honeycomb-like blood vessel parenchyma, pericytes are selectively positioned to allow 
network, and the hematopoietic cells differentiate into the fluid or gas exchange. Pericytes and smooth muscle 
SL>cytes. Later, hernatoociesis resumes in the embryo cells may be derived from ^ J^*^™^ * 
taabTpira-aortic region (AGM region) and in the fetal in situ differentiation, tmns-diff erenUahon from endothe- 
Srer and finally in thfbone marrow. M cells, from bone-marrow precursors ^ ^nacrophages 

A complex orchestration of molecular regulators is soon after the endothelial celte have formedjubes. like 
needed for the blood vessels to grow. The vasculature the endothelial cells, they proliferate and nugrate m par- 
beSa as a Btexus of prtautive capillary tubes that are allel to the grow* of the vascular plexus (19, 37). 
Se^'iZLel ^ateTemL complex vas- ■ The vascular ^em is a high* 
cXTetwork of adults. Sprouting of new vessels from nonuniform organ system. It consiste of an arterial and a 
Pree^^nel is the mok frequent mechanism of an- venous system that differ ^^^ f ^^* n f 
giogene^in embryos, and it involves several sequential has been proposed that estabbstanent of the ses of 
fteps (223). first, the extracellular matrix components the arterial and v^ous ^J^^*™**^™** 
surrounding the endothelial cells are degraded locally by of related but distinct genetic programs (75, 218, <530). 
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nr«. 1. Receptor binding epGctliclty of vascular en- 
dothelial gfijwth factors (VBGSfc). VEGFR-1 and 
VEGFR-2 mediate growth factor signals for blood vas- 
cular endothelial cells, whereas YEGFfrS mainly regu- 
lates lymphatic endothelial cells. Nevitrpflin (NRP>2 
has recently been ehcrwn 10 be c ©expressed with 
VEGFR3 in the lymphatic endothelium, and VEGFft-2 
has occasionally been detected in lymphatic endothelial 
cells, the permeability of Wood vessels is tightly con- 
trolled, whereas lymphatic vessels have interendoxhelial 
openings that allow relatively &ee import of fluid and 
TOSCromolecules. Note that the lymphatic vessels are 
attached to the interstitial matrix via specific anchoring 
filaments (af). F1GF, placenta growth factor. 




Endothelial cells differ considerably in the arterial, capil- 
lary, and venous compartments, and there is further het- 
erogeneity in the different organs (47). Recent molecular 
probing of the endothelial cell surface by phage display 
library panning in vivo has revealed strildng molecular 
specificity for the availability of molecular determinants 
in different vascular endothelia (182). Endothelial cells in 
different vessels have distinct characteristics, such as 
fenestrations, ceil junctions, enzymes, and carrier sys- 
tems. For example, fenestrated endothelia are seen in 
places where extensive molecular exchange occurs 
across the blood vessel wall, such as in endocrine glands, 
choroid plexus, and kidney. Dirferentaatiori of endothelial 
cells is dependent on interactions with local parenchymal 
cells in the target tissues. Although it is not always known 
which cell type induces the organotypic differentiation of 
endothelial cells, the existence of such cell-cell interac- 
tions seems to be widely accepted 



A* Physiological and Pathological Angiogenesis 

Angiogenesis is also required for the maintenance of 
the functional and structural integrity of tissues during 
postnatal life. Vasculogenesis is mainly restricted to early 
development while new vessels in adults appear to be 
formed by angiogenesis (37). However, adults are appar- 
enfly able to mobilize bone marrow-derived endothelial 
precursor cells for angiogenesis (174). In healthy adults, 
the endothelial cell turnover is usually very low, and the 
vascular endothelia are maintained in quiescence by a 
balance of positive and negative regulators of angiogene- 
sis. Angiogenesis is limited to sites where the metabolic 
demands of the tissue are such that new blood vessels are 
needed. In wound healing, fracture repair, innammation, 
foUiculogenesis, and ovulation during the menstrual cy- 
cle, as well as in situations of ischemia, the positive 
regulators predominate, leading to the activation of an- 
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giogenic mechanisms (67). Cells suffering from hypoxia mal cells, tumor cells need to be located at a close dis- 
start to release angiogenic factors to establish better con- tance from the blood vessels serving the metabolic 
tact with the circulating blood. Metabolic stimuli, includ- demands of the growing tumor. The stage in tumor devel- 
ing hypoglycemia and low pH, also participate in the opment when a solid tumor grows beyond a few rrullirae- 
inductton of vessel growth, but these mechanisms are less tera in diameter and starts to generate its own microcir- 
well known. In contrast to developmental angiogenesis, culation is called the angiogenic switch (70). It means 
angio genesis in adults originates mostly in mature blood the transition of an avascular tumor to a tumor with its 
vessels. In embryos, endothelial cells are loosely con- own blood supply. At this stage the endothelial cells 
nected and actively growing, whereas in adults they are transit from a quiescent into an angiogenic state; the 
quiescent and encapsulated by a thick mural coat. There- positive regulators are induced. Negative regulators can 
fore, the blood vessels must first become destabilized to also decrease; for example, troinbospondm levels de- 
allow new growth. A carefully orchestrated activation of crease in tumors upon loss of the p53 tumor suppressor 
several signaling molecules is needed, which may differ in gene (28, 91). 

different tissues (37). In contrast to angiogenesis in em- • Tumor blood vessels are leaky and immature, at least 
bryos, there is often inflammation associated with adult partly because the pericytes and smooth muscle cells are 
angiogenesis, attracting monocytes/macrophages, plate- usually poorly recruited to the tumors. The vessels are 
lets, mast cells, and other leukocytes. multilayered, protrude extensions bridging and splitting 

Angiogenesis results in a higher capillary density, but vessels, contain intercellular and transcdlular holes, 
also the larger vessels are modified by the lack of an show relatively uncontrolled permeability, and undergo 
adequate oxygen supply, m the case of acute or chronic constant remodeling (68). These vessels resemble angio- 
ocdusion of a major artery (coronary, femoral artery), genie vessels Jn other settings, such as in wound healing, 
preexisting arteriolar connections can be recruited by with the exception that tumor vessels do not mature 
arteriogemc mechanisms to bypass the site of occlusion properly. Tumor angiogenesis is said to resemble a phys- 
(37) Arteriogenesis produces rapid circumferential iological response that is initiated but not terminated and 
growth in the preexisting collateral vessels, which are less is considerably more chaotic (53). Occasionally some of 
perfused with blood under normal flow conditions. These the endothelial cells in tire tumor vessels are replaced by 
vessels have the ability to dramatically increase their tumor cells, forming so-called mosaic blood vessels (44). 
lumen by proliferation of endothelial and smooth muscle Angiogenesis also takes place in other pathological con, 
cells (33> Recent findings suggest that endothelial pre cur- ditiows such as proliferative retinopathy, rhextfnatoid ar- 
sons in the adult bone marrow also contribute to the thrifts, psoriasis, and juvenile hemangioma (67). 
expansion of preexisting collaterals (40). As a result of 

the increased collateral flow, endothelial cells recruit ^^y^^genems 
monocytes, which are capable of remodeling the media of *■ i^Pfaneioge™*.!* 
the vessel wall Activated endothelial cells then induce 

the rcgrowth of smooth muscle cells in the vessel walL Lymphatic vessels are also part of the vascular crr- 
The smooth muscle cells synthesize anew elastic lamina culatory system. The lymphatic system is made up of an 
to the enlarged collaterals. Once the mural cells have extensive network of capillaries, coUectog ve^els and 
been recruited into the vessels, they further muscularize ducts that permeate most of the organs (183). Unhke the 
■ the nascent vasculature by sprouting or by migrating Ion- blood vasculature which forms a contmuous loop the 
gitudMy along preexisting vessels. After a couple of lymphatic system is an open ended, one-way transit sys- 
ro7n*sthe new collateral artery fa almost mdistdnguish- tern. These vessels collect the extravasated protem-nch 
rtmTZl^ijOT. Arteriogenesis differs fluid and lymphocytes from the tissues and transport 
^JogenSt ^eral^ecxs, buf the two pro- them back into the c^or, ttjom the^p^cca^ 
ceSeTS share certain mechanisms, For example, an- illaries, the fluid is transferred to the «*^*^»* 
Sgenicfactors, like fibroblast growth factor (FGF), can vessels and ultimately into the venous circulation via the 
acX bXSc^^ thoracic duct Larger lymphatic vessels are sounded by 

r^S wh^aTroX^ving force in arteriogenesis is a muscular layer that contracts automatically when the 
^^^rTS^terio^esis can counteract the vessel becomes stretched with fluid. In addition, external 
^^^c^^^r^, or limbs, factors such as skeletal muscle contractions or arterial 
anTgtwTrS involved inlhe arteriogenesis pulsation compresses the vessels and increases the effi- 
hold great promise for treatment of patients with isch- ciency of fluid transport 

«rdc mseases especially those that are poor candidates In tissue sections, lymphatics resemble blood vessels 
ZJX^cVZ^JLo* or bypi surgery. but are genexauy tiurmer^walled a«d 

™Tof the most extensively studied forms of patho- phatics have a low mtralurnmal P^su« and con^na 
logical ^genesis is tumor angiogenesis (68). Like nor- bloodless fluid called lymph, which consists of interstitial 
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tissue fluid, macxornolecules, and cells (227). The lym- nation of the two mechanisms is possible, -whereby em- 
phatic vessels were discovered in 1627 by Gasparo Asel- trifagaQy sprouting lymphatic vessels anastomose with 
lius (I 1), at about the same time that the blood circulation lymphatics developing from lymphangioblasts in tissues, 
was described by William Harvey (89), However, com- The lymphatic vessels differ in many ways from the 
pared with blood vascular studies, the lymphatic system blood vessels, but they also share many properties. Both 
has remained relatively neglected until the present day. vascular systems are lined by the endothelium, and the 
This has been partly due to the difficulties in recognizing larger vessels are supported by a smooth muscle frame- 
these vessels in tissues, due to a lack of specific markers, work, particularly around luminal valves, which are 
The only way of differentiating the lymphatic vessels has present in the veins and in the large lymphatics (227). 
been based on morphology in histological samples and Both have vasa yasorum, the blood vessel network pro- 
infusions of colored dyes, contrast agents, or macromol- viding nutrition for the vessel watt. The smooth muscle . 
ecules into the tissues. However, within the past few layer in blood vessels controls the contractile tone of the 
years molecules expressed specifically in the lymphatic vessels in response to vasoactive substances. Blood ves- 
endothelial cells have been found. sels have a continuous or fenestrated basement mem- 

The lymphatic vessels also form part of the immune brarte and tight interendothelial junctions, which make 

system by continuously transporting the white blood cells the vessel wall selectively permeable to cells, fluids, and 

within the lymphoid organs (spleen, tonsils, thymus, molecules, whereas lymphatic vessels have a relatively 

Peyer patches, and lymph nodes) and bone marrow and free import fox interstitial fluid. Lymphatic endothelial 

transporting antigen-presenting cells. Mononuclear phago- cells have complex overlapping intercellular junctions 

cytes and also lymphocytes patroling the tissues enter the and specialized anchoring filaments, which hold the ves- 

afferent lymph vessels and the lymph nodes to elicit pri- sel open as tissue pressure rises (227). It has been sug- 

mary immune responses before reentering the vascula- gested that these properties provide the lymphatics a 

ture. Endothelial receptors and binding proteins are in- second valvular function, which permits fluid to enter 

volved in this trafficking of specific lymphatic cell from the mterstitrum into the initial lymph channels but 

populations. prevents escape back out into the tissue (210)- Liquid, 

Lymphatic vessels start to develop in embryos macromolecules, and migrating cells pass through the 
around midgestation, in parallel with the development of blood capillary endothelia, enter the tissues, and are grad- 
blood vessels and most of the organs. When the embryo ually absorbed into the lymphatic system. The fluid is 
grows, these vessels are needed for the regulation of the transported via the lymphatic capillaries into the collect- 
interstitial tissue pressure. The origin of the lymphatic ing vessels and through the lymph nodes, retelling even- 
vessels has long been controversial Historically, the best tually to the circulation, 

accepted view of lymphatic development is the one pro- The blood vascular endothelium is a relatively leak- 
posed by Sabin (184, 185). On the basis of the findings proof, nonthrconbogenic surfecfe, with tightly regulated 
from her injection experiments, Sabin proposed that early flow and intraluminal pressure, whereas the lymphatics in 
in fetal development, isolated primitive lymph sacs origi- contrast are a low flow, a low-pressure system in close 
nate by endothelial cell budding from embryonic veins, contact with the extracellular matrix. Lymph fluid does 
The two jugular lymph sacs develop from the Junction of not contain red blood ceEs or platelets and is therefore 
the subclavian and anterior cardinal veins. Later in the much less coagulable than blood. The large lymphatic 
■ development, the rest of the lymph sacs originate from vessels with their smooth muscle hove intrinsic contrac- 
tile mesonephric veins, the veins of the Wolffian bodies, tility, which serves as a critical pumping force transport- 
the primitive inferior vena cava and the junctions of the ing lymph centrally toward the great veins. Compared 
primitive iliac veins and the posterior cardinal veins, with blood capillaries, the lymphatic capillaries send out 
Sabin's model proposes that the peripherial lymphatic fewer sprouts, anastomose less frequently, and show 
system then spreads from these primary lymph sacs by much less tendency to retract than undergo changes in 
endothelial sprouting into the surrounding tissues and size or form (227). 

organs where local lymphatic capillaries form. After the discovery of specific molecules regulating 

An alternative model has suggested that the initial the lymphatic vessels, their role in certain pathological 

lymph sacs arise in the mesenchyme from precursor cells conditions has been extensively studied. Abnormal func- 

("rymphangioblasts*), independent of the veins and sec- tion of the lymphatic vessels is implicated in diseases 

ondarily establish venous connections (97). Although re- such as lymphedema, inflammation, infectious and tai- 

cent reports about the development of the lymphatic ves- mune diseases, fibrosis, ascites, and tumors such as Ka- 

sels support Sabra's theory (52, 222), the existence of posTs sarcoma and ryinptemgioma/lympte 

primitive lymphangioblasts, which can be recruited by the Perhaps most importantly, the lymphatic vessels are uv 

developing lymphatic vessels, has been shown at least in volved in tumor metastasis (reviewed in Befe. 110, 167). 

avian species (189). One should thus note that a combi- The identification of factors that promote tumor lym- 
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phangiogenesis and may promote the growth and spread 
of tumors via the lymphatic system is important for the 
development of new, effective treatments for cancer (108, 
110, 145, 197, 201). 

n. MOLECULAR REGULATION OF BLOOD AND 
LYMPHATIC VESSELS 

Intercellular signaling mechanisms that govern the 
formation of blood and lymphatic vessels have emerged 
relatively recently. The complexity of endothelial cell de- 
velopment indicates that its regulation must involve many 
developmental and tissue-specific differentiation factors. 
Angiogenic signals are mediated by a number of growth 
factors and cytokines, and the balance between the pos- 
itive and negative regulators maintains the adult vessels in 
a quiescent state (reviewed in Ref. 87). Whenever the 
balance is disturbed, the vessels react either by activating 
the angiogenic responses or regress by apoptosis when 
sufficient growth signals are not present Interaction of 
angiogenic growth factors with their target cells triggers a 
cascade of steps, leading to the formation of blood ves- 
sels. Less is known about the regulation of the lymphatic 
vessels, although similar mechanisms seem to be in- 
volved. 

Blood vessel development depends on members of 
the vascular endothelial growth factor (VEGF) family of 
proteins (Pig. 1). This family consists of VEGF, VEGF-B, 
VEGF-C, VEGF-D, VEGF-E, and placenta growth factor 
(P1GF), which bind and activate cell surface receptor 
tyrosine kinases. Key signals regulating embryonic cell 
growth and differentiation, as well as remodeling and 
regulation of adult tissues, are mediated by the tyrosine 
kinase receptors (75, 109). The VEGF receptor (VEGFR) 
family includes VEGFR-1 (also known as Flt-1), VEGFR-2 
(FDc-1), and VEGFR-3 (Flt4). Neuropilins 1 and 2 (NRF- 
1A3) are another class of high-affinity nontyrosrne kinase 
receptors for VEGFk on endothelial and neuronal cell 
surfaces 057, 169). Recently, additional molecules similar 
to VEGF and capable of increasing capillary permeability 
were found in snake venom, suggesting that the family 
may be even larger (79, 120). The receptors have partly 
overlapping but independent roles in the vascular devel- 
opment and maintenance, and the expression level of 
these genes modulates the abundance of different types of 
vessels in tissues. Other factors that are involved in the 
regulation of blood and lymphatic vessels are the anglo- 
poietins and Tie-receptors, ephrins, and platelet-derived 
growth factors (FDGFs), which all act together in a coor- 
dinated manner during vessel formation (23, 37, 75). In- 
terestingly, certain highly differentiated endothelia may 
have additional structurally unrelated regulators, such as 
EG-VEGF (127). 

The regulation of blood vessels has been studied 
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extensively over the past 10 years, but the molecular 
mechanisms behind lymphatic vessel growth have only 
been studied since 1995, when VEGFR-3, the first specific 
growth factor receptor of the lymphatic vessels, was 
found (105). Thereafter, a wealth. of new information 
about the regulation of the growth of the lymphatics has 
been gained, and the factors known to regulate blood 
vessels have also been shown to be involved in the biol- 
ogy of the lymphatic vessels. Angiogenesis and lym- 
phangiogenesis are thought to occur in parallel during 
embryonic development, and both may be important in 
adult physiological and pathological conditions. It is thus 
essential to understand the development and regulation 
of blood vessels to understand the biology of the lym- 
phatic vessels. One must also consider blood and lym- 
phatic vessels as collaborating parts of the circulatory 
system. 

A. VEGF in Vasctdogenesls and Angiogenesis 

VEGF, discovered in 1989, is a major mediator of 
both vasculogenesxs and angiogenesis (reviewed in Ref. 
61). In endothelial cells, VEGF mediates mitogenic signals 
by activating VEGFR-1 and VEGFR-2 (62). VEGF is ex- 
pressed as several isoforms consisting of polypeptides of 
different sizes (121, 146, 165, 183, 189 and 206 amino acid 
residues), which are all formed from the same gene by 
alternative splicing and differ in their ability to interact 
■with extracellular matrix components and with NRP-1 
(114, 130, 199, 209), These isoforms are thought to have 
distinct but overlapping functions in angiogenesis. VEGF 
is also known as vascular permeability factor, as it pro- 
motes the extravasation of fluid and plasma proteins, 
including fibrin, from the blood vessels (64, 190). The 
increase hi microvascular permeability and tissue deposi- 
tion of fibrin is considered to enhance the migration of 
endothelial cells in the extracellular matrix (55). 

Two independent studies have shown that VEGF is 
essential for embryonic vasculogenesis and angiogenesis. 
Inactivation of only a single VEGF allele in mice resulted 
in embryonic lethality due to defective angiogenesis (38, 
64). Also a reduced number of hematopoietic cells was 
observed. In mutant mice lacking the 164 and 188 amino 
add isoforms of VEGF, one-half of the mice did not 
survive due to defects in, for example, postnatal angio- 
genesis in the myocardium, suggesting that the other 
faims of VEGF cannot completely replace the action of 
the others (42). Further studies suggest that in particular 
the heparin binding VEGF isoforms are required for effi- 
cient angiogenic sprouting and vascular morphogenesis 
(D. Shima, personal communication). Partial inhibition of 
VEGF by a soluble extracellular form of VEGFR-1 re- 
sulted in increased mortality and impaired organ devel- 
opment in the early postnatal period (81). It was shown 
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that in addition to proliferation VEGF is also required for and they show impaired recovery from experimentally 
the survival of endothelial cells. Consistent with this, induced myocardial ischemia (17). Considering such re- 
other studies have also shown that VEGF supports the suits, xt is interesting to note that while VEGFR-1 and 
survival in endothelial cells and induces the expression of VEGFR-2 were expressed rather uniformly in the devel- 
antiapoptotic proteins in endothelial cells (7, 18, 82). oping vasculature, only VEGFR-1 was prominently ex- 
VEGF is a major regulator of abnormal angiogenesis pressed in the human fetal coronary endothelium (166). 
(reviewed in Ref. 61). Consistent with this, the expression These results suggest a role for VEGF-B in the coronary 
of VEGF is potentiated in response to hypoxia and by vasculature and potential clinical use in therapeutic an* 
activated oncogenes as well as by a variety of cytokines giogenesis. 
(85, 175, 193). VEGF is important in the etiology of several 

diseases characterized by pathological angiogenesis such c. MGF Is Essential in Pathological Autogenesis 
as psoriasis, rheumatoid arthritis, and proliferative reti- 
nopathy. Deregulated VEGF expression contributes to the FlGF was discovered in the human placenta, and it is 
development of solid tumors by promoting tumor angxo- —50% homologous to VEGF (139). Three splice isGforms 
genesis (67), Tumor inhibition studies with neutralizing of FlGF have been published, and P1GF-2 at least com- 
antj-VEGF antibodies suggest that other angiogenic fao- petes with VEGF lfl5 for binding to VEGFR-1 (35, 140, 163). 
tors may also be involved (117). However, the VEGF This is considered to increase the proportion of VEGF 
signaling pathway is currently considered to be one of the available to activate VEGFR-2, thereby potentiating the 
most promising targets for the inhibition of tumor angio- angiogenic properties of VEGF (163). A lack of FlGF has 
genesis. no effect on embryonic development, even in combina- 
tion with a loss of VEGF-B (41). However, loss of FLGF 
impairs angiogenesis associated with tumors, ischemia, 
B. Role of VEGF-B in the Myocardium myocardial infarcts, and experimental retinopathy and 

leads to prolonged healing of incisional skin wounds (41). 

VEGF-B is structurally closely related to VEGF and During collateral growth after ligation of the femoral ar- 

binds one of its receptors, VEGFR-1 (155). It has two tery, FlGF was found to be essential for plasma extrava- 

splice variants of which the 167 amino acid form binds to sation, monocyte recruitment, and the growth of endothe- 

heparan sulfates and NRP-1, while the other, of 186 amino lial and smooth muscle cells. These results indicate that 

acid residues, is a freely secreted, soluble, and O-glyco- FlGF activates membrane-bound VEGFR-1 and specifi- 

sylated product (148). If the 186 amino acid form is pro- cally potentiates the angiogenic response to VEGF. In 

teolytically cleaved, NRP-1 binding epitopes are exposed contrast to the essential role of VEGF in physiological and 

in this isoforra as welL Both VEGF-B isoforms are able to pathological angiogenesis, the role of FlGF is restricted to 

form heterodimers with VEGF, and perhaps with other pathological vessel formation and is therefore a possible 

growth factors. This adds diversity to their biological target for therapy, 

roles by allowing a variety of combinations for cellular FlGF is not needed to enhance VEGF signaling in 

signal transduction. During development, VEGF-B may embryonic vascular development This is probably be- 

modulate the biological activities of VEGF, either by cause VEGF is upregulated in response to alack of FlGF. 

forming heterodimers or by controlling the bioavauability This suggests that FlGF serves as an inert regulator of the 

•of VEGF (156), VEGF activity during development The need for amplin- 

VEGF-B is produced in large quantities by the devd- cation of VEGF responses in adult pathological angiogen- 

oping myocardium and by muscle, bone, pancreas, adre- esis might be explained by the requirement of stronger 

nal gland, and the smooth muscle cell layer of several responses to VEGF than in embryonic angiogenesis (41). 

large vessels, but not by endothelial cells (1). VEGF-B is When new blood vessels form in adults, endothelial cells 

likely to act in a paracrine fashion as its receptor is almost may become more responsive to VEGF by upregulating 

exclusively located on endothelial cells. VEGF-B is a very P1GF and VEGFR-1. P1GF and VEGFR-1 are minimally 

weak endothelial cell mitogen when produced in mamma- expressed in normal quiescent adult vasculature, but both 

lian cells (165), but otherwise its biological role is still are maricedly upregulated in pathological conditions, 

unclear. It is possible that some of the biological activity Also, the membrane localization of VEGFR-1 is increased 

of VEGF-B produced in mammalian cells can be attrib- in pathological angiogenesis compared with embryonic 

uted to VEGF/VEGF-B heterodimers. angiogenesis, FlGF is also a chemoattractant for inflam- 

Mice lacking a functional VEGF-B gene are healthy rnatory cells, which are hallmarks of pathological angio- 

and fertile, but depending on the genetic background may genesis and collateral growth. P1GF may contribute to 

have a first degree heart block (conduction defect) or vessel growth in adults by mobilizing bone marrow-de- 

reduced heart size (2, 17). The knockout mice display a rived mononuclear cells. There may also be a synergism 

striking vascular dysfunction after coronary occlusion, between FlGF and VEGF-B in pathological angiogenesis. 
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D. VEGF-C and VEGF-D Coordinate the 
Development of Blood Vascular and 
Lymphatic Endothelia 

VEGF-C was cloned from human prostate carcinoma 
cells, and its mature form consisting of the VEGF homol- 
ogy domain is 30% identical to VEGF X95 (101). VEGF-C is 
synthesized as a preproprotein and from which a stepwise 
proteolytic processing generates several forms, with se- 
quentially increasing binding and activity for Its receptors, 
VEGFR-2 and VEGFR-3 (102). like VEGF, VEGF-C stim- 
ulates the migration of endothelial cells and increases 
vascular permeability and endothelial cell proliferation 
but at higher concentrations than VEGF. These signals for 
endothelial cells are probably mediated through VEGFR-2 
in blood vascular endothelial cells, and generally via 
VEGFR-3 in the lymphatic endothelial cells (102, 105). 
Unlike VEGF, the expression of VEGF-C does not appear 
to be regulated by hypoxia (58) but is increased in re- 
sponse to proinflammatory cytokines, suggesting a role in 
inflammatory responses (178). VEGF-C, along with 
VEGFR-3, is also prominently expressed by activated 
macrophages (196; S. Mustjoki, personal ccmimmica- 
tion). The pattern of VEGF-C expression in embryos sug- 
gests that it plays a role in the development of the lym- 
phatic vessels, since a paracrine expression pattern is 
seen between VEGF-C and VEGFR-3 at sites where the 
fitst lymphatic sprouts occur (123). Conversely, VEGF-C 
is already expressed before the emergence Of the lym- 
phatics, which also suggests its involvement in vasculo- 
genesls/angiogenesis during early development. 

VEGF-C can regulate physiological and pathological 
blood vessel growth in vivo. It is able to stimulate angio- 
genesis in the mouse cornea and in the hmdlimb ischemia 
model (36, 228). On the other hand, VEGF-C has been 
shown to regulate the growth of lymphatic vessels in 
various e^erimental models. Overexpression of VEGF-C 
in skin keratinocytes leads to dermal lymphatic vessel 
hyperplasia (Fig. 2, A and B) (100). Signaling via VEGFR-3 
alone was shown to be sufficient for the hyperplasia, 
since transgenic mice over expressing a mutant form of 
VEGF-C, which has lost its capacity to bind VEGFR-2 and 
only binds and activates VEGFR-3 (VEGF-C156S), was 
able to induce a similar phenotype (216). VEGF-C was 
also studied in the mature, differentiated chorioallantoic 
membrane (CAM), which contains lymphatic vessels 
mainly around arterioles and veins (154). m this assay, 
VEGF-C acts as a highly specific lymphangiogenic factor. 
However, when VEGF-C was applied to the early GAM, 
where the lymphatics have not yet developed, it promoted 
artgiogenesis. The angiogenic versus lymphangiogenic re- 
sponses to VEGF-C may depend on the degree of proteo- 
lytic processing of its precursor and on the expression of 
it receptors in the blood versus lymphatic endothelial 
cells of the target tissue. VEGF-C also has synergistic 
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fig. 2. lymphatic vessels in adult ttesues* Overexpression of VEGF- 
C in tine ekui keraiinecytes in K14-VEGF-C transgenic mice leads to 
hyperplasia, of lymphatic vessels around the hair follicles (hi) (A), 
compared with the skin of raid-type mice (27). The fyxnphado endothe- 
lium is visualized by untnunoWsto chemical staining for VEGFR-3 (ar- 
rows), iynrpb&dc vessels In the sidn (C) and pericardium (ZTJ of the 
VEGFR&LacZ mice are shortn. Lectin perfusa on-stained blood vessels 
appear brown in Q. Scale bar in D is for A-D\ A and 5, 50 jun; C, 30 fun; 
D, 600 jlhl 

effects with VEGF, during the induction of angiogenesis, 
and this effect is more prominent in cells expressing both 
of its receptors (168). In addition, VEGF-C can compete 
with VEGF in binding to VEGFR-2. 

VEGF-D (also known as ct/bs-induced growth factor 
or FIGF) is the most recently discovered member of the 
mammalian VEGF family (3). It shares 61% sequence iden- 
tity with VEGF-C, and these two growth factors bind to 
the same receptors on human endothelial cells. VEGF-D is 
proteolyticatly processed shnilarly to VEGF-C, and the 
proteolytic processing also appears to regulate VEGF-D 
biological activity and receptor specificity (202). Interest- 
ingly, in mice, VEGF-D binds only to VEGFR-3, suggesting 
that VEGF-D may have a somewhat different function in 
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mouse and human (12). This is uncommon within the ments remain together via disulfide bonds. These recep- 
VEGF family as these homologous and evolutionary con- tors control many aspects of vascular growth and have 
served growth factors are assumed to exhibit similar re- partially overlapping expression patterns in the develop- 
ceptor binding characteristics in different species. ing vasculature in embryos but shtfw a more restricted 

VEGF-D has been shown to be able to stimulate the expression in adults, 
proliferation of endothelial cells, and it shows angiogenic VEGFRrl and VEGFR-2 are important in blood vas- 
properties in vitro and in vivo (146). like VEGF-C, it was cular endothelial cell proliferation, migration, and sur- 
also shown to be lymphangiogenic when overexpressed vival Mice carrying a homozygous disruption in either of 
in skin keratinocytes (216). Little is known about the the two VEGF receptors die during early development due 
expression of VEGF-D in physiological conditions, but its to defects in both vasculogenesis and angiogenesis. Em- 
mRNAhas been observed in the developing melanocytes bryos lacking functional VEGFR-2 die without mature 
and fibroblasts, lung mesenchyme, and the adult vascular endothelial or hematopoietic cells (191). Primitive hema- 
wall (4). topoietic and endothelial progenitors arise normally 

The exact roles of VEGF-C and VEGF-D during era- within the yolk sac blood islands from precursors cells 
bryonic vascular development are still unknown due to that express VEGFR-2, In contrast, VEGFR-l-deficient 
the lack of gene deletion studies. In adults, VEGF-C and mice have normal hematopoietic progenitor cells and en- 
VEGF-D may regulate the responses of the lymphatic dothelial cells that migrate and proliferate but do not 
vessels in inflammatory processes and in the regeneration assemble into tubes and functional vessels (71). More 
of tissues after trauma, but they may also have important recent studies have shown that an excessive proliferation 
roles in physiological and pathological angiogenesis in of endothelial progenitors is the main factor leading to 
various conditions, VEGF-C and VEGF-D may also affect this disorganization (72). This supports the view that 
the fluid dynamics in lymphatic vessels and be involved in VEGFR-1 is a negative regulator of VEGF-induced vascu- 
the formation of valves and recruitment of smooth muscle logenesis in embryos. 

cells to the developing lymphatic collecting vessels, Un- Although VEGFR-1 alone has been shown to induce 
published data indicate that VEGF-C and VEGF-D can weak mitogenic signals in vitro (125), it is thought that 
heterodimerize (M Jeltsch, personal communication), as VEGFR-2 is the major receptor transducing the effects of 
has been reported for P1GF and VEGF as well as VEGF-B VEGF in endothelial cells. For example, VEGF-B and 
and VEGF> making their biological properties even more site^directed mutants of VEGF, which bind only to 
diverse (34 156) VEGFR-2, stimulate endothelial cells similarly to VEGF 

' " (82, 116, 148, 225). VEGF also provides survival signals for 

endothelial cells via VEGFR-2 (82). Outside of the vascu- 
E. Orf Virus VEGF-E Promotes Angiogenesis lar system, VEGFR-1 is expressed in monocytes and mac- 

rophages, placental throphoblasts and renal raesangial 
A VEGF homolog, VEGF-E, was recently discovered and VEGFR-2 in hematopoietic stem cells, mega- 

irt the genome of the parapoxvirus, Orf virus, that infects i^^y^ ^ platelets and retinal progenitor cells 
sheep, goats, and occasionally humans (138), Infection by ^ ^ ^ 112j 2 32). Despite the importance of these 
this virus causes proliferative skin lesions in which exten- rec ^ p tors during embryonic Wood vessel development, 
sive capillary proliferation and dilation are prominent v^qfj^ ^ VEGFR-2 appear to be downregulated in 
histological features. Several strains of the virus encode ^ quiescent j^t endothelium. 

'different VEGF-E variants, which bind specifically to VEGFR-3 was cloned from a human leukemia cell 
VEGFR-2 and NRP-1 and are able to stimulate endothelial ^ and hujrtan placenta (76, 161)- Two isoforms of 
cell mitogenesis and vascular permeability (153, 225). y^p^ ha Ve fc €eri described, designated VEGFR-3s 
VEGF-E is not essential for viral replication but rather ^ VEGFR-Sl (long), which differ as a result of 

plays an important role in modulating the host environ- alternative spacing. The long form is the predominant 
merit during infection. f orm ui most tissues. An endogenous retroviral genome 

appears responsible for the short isoform in humans, but 
F VEGF Receptors in Endothelial Cell this form is missing from mice (96). hi adults, the expres- 

" Proliferation, Migration, and Survival sion of VEGFR-3 is mainly restricted to lymphaW endo- 

thelial cells and in hematopoietic cells of monocytic 1m- 
All VEGFRs are characterized by seven extracellular eage, where* it s^rves^ a molecular marker for these 
immunoglobulin homology domains (Ig) (Fig. 1), of which vessels (Fig. 2, C and U) £03, 105) ^^5™ VEGFR-3 
the second and third are critical for ligand binding and the is initially expressed in all vasculature, but during devel- 
first three domains are necessary for establishment of full opmeitt its expression in blood vessels decreases and 
binding affinity (15, 49, 73, 142). In VEGFR-S, the fifth Ig becomes restricted to the developing lymphatic vessels 
homology domain is proteolytically cleaved, but the frag- (Kg, 3) (105). VEGFR^deflcient embryos die as a result 
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no. 3. VEGFR-3 expression during (he development of the lymphatic vessels. Blood vascular and lymphatic vessels 
can be visualized in eteined sections from VEGF&3 knock-out heterozygous embryos (VEGBTfcS-LacZ), in which the 
nwker gen& reveals sites of VEGPRhS expression (blue). Early In mouse development (embryonic day 9.5, E9.5) 
YEGFR-3 is expressed uniformly in the whole developing vasculature (A). After the blood vessels have been established, 
the VBGFR^-positrve lymphatic vessels (arrow) start to sprout from preexisting veins CS)- X^er. VEGF&3 expression 
is further downregulated in the blogd vessels (arrowhead in G) and becomes restricted to the lymphatic vessels (arrow 
in (7), The lymphatic vesfi&L network in the skin of ElW mouse embryo is shown in whole mount staining (jj). Scale bar 
in D is for A-D t A t 30 ^n; B t 100 Mm; C, 125 fiid; A 80 /urn. 



of a defect in the remodeling of the primary vascular 
network and cardiovascular failure at irddgestation, be- 
fore the lymphatic vessels start to develop (52)- Interest- 
ingly, the differentiation of endothelial cells, the forma- 
tion of the primary vascular plexus, and vascular 
sprouting were not disturbed by the absence of VEGFR-3 
signaling, but the embryos had severe anemia due to 
impaired yolk sac hematopoiesis (86). These results sug- 
gest that VEGFR-3 plays a dual role, in embryos in car- 
diovascular development before the emergence of the 
lymphatic vessels and in adults in the regulation of the 
lymphatic vessels. 

The majority of blood vessel endothelial cell popula- 
tions around midgestation are positive for both VEGFR-2 
'and VEGFR-3, suggesting that these receptors have essen- 
tial roles in autogenesis (86). Also, VEGFR-1 is seen in 
the developing vasculature at this stage (71). Endothelial 
cells axe apparently activated by both VEGF and VEGF-C 
at this stage, but it is not known whether these receptors 
transduce similar signals. The VEGF/VEGFR-2 system ap- 
pears to be responsible for most of the growth signals for 
vascular endothelial cells, but it has also been proposed 
that VEGF-C induces proliferation of embryonic vascular 
endothelial cells through V6GFR-2. VEGF-C signaling 
through VEGFRr2 and VEGFR-3 may thus have distinct 
roles in erabryogenic vas ovogenesis (86). In addition, in 
VEGF-dencient mice, some endothelial cells survive, and 
this may be promoted by VEGF-C, 

hi adults, VEGFR-3 is expressed in a subset of cap- 
illary endothelia, although it is absent in endothelia of all 
large blood vessels (165). Although lymphatic vessels de- 
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velop from large veins in the embryonic jugular, retroper- • 
itoneal, and perimesonephric regions, only a few adult 
tissues retain VEGFR-3 expression in the venous endothe- 
lia. Such endothelia are seen in the veins of the cartilage 
channels, vertebral bodies, venous canals of the adrenal 
medulla, and the splenic venous sinuses (165). Differ- 
ences in VEGFR-3 expression are also seen between con- 
tinuous and discontinuous endothelia, the former being 
negative and the latter positive for VEGFR-3, suggesting 
that this receptor plays a role in the endothelial transport 
functions in fenestrated capillaries. VEGFR-2 is also 
present in the fenestrated endothelia, and it is possible 
that VEGF-C and VEGF-D secreted by the neuroendocrine 
cells signal via both receptors in this specific subtype of 
capillaries in endocrine organs. VEGFR-3 is seen also in 
endothelia at sites of hematopoiesis or blood cell traffick- 
ing, such as in the sinusoids of liver, spleen, and bone 
marrow, suggesting that it has a regulatory role in the 
transendothelial translocation of hematopoietic cells 
(165). Also some nonendothelial expression of VEGFR-3 
has been observed in embryonic notochordal cells and in 
the trophoblasts of the placenta (165, 224). 

VEGFR-3 is activated in the blood vessel endothe- 
lium in certain pathological conditions, and upregulation 
of VEGF-C/VEGF-D Iigands may accompany this (4, 186, 
214). Similarly, VEGFRV2 can be expressed by both blood 
vascular and lymphatic endothelia (166). During wound 
healing, acute inflarnmarion is followed by the deposition 
of fibrin and connective tissue and the growth of blood 
vessels into the granulation tissue. Most blood vessels 
then regress as the wound is remodeled into scar tissue. 
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VEGFR-S-positive lymphatic vessels have been observed 
to sprout from preexisting lymphatics and grow into the 
granulation tissue in healing skin wounds (160). These 
lymphatic vessels persisted in the wound for some time 
but regressed as the healing proceeded. This suggests that 
transient lymphangiogenesis is needed during wound 
healing, in parallel with angiogenesis, and it is possible 
that inflammatory cells such as macrophages secrete rel- 
evant lyitiphangiogenic factors. On the other hand, no 
lymphatic vessels were seen in chronic human wounds 
(160). The absence of lymphatic vessels may contribute to 
the impaired healing in these conditions. The angiogenic 
vessels in wound healing remained negative for VEGFEWJ, 
suggesting that there are differences in the regulation of 
angiogenesis In various pathological conditions. 

little is known about the characteristic features of 
lymphatic endothelial cells, mainly because isolated lym- 
phatic endothelial cells have not been available for mo- 
lecular studies. Recently, primary cultures of human der- 
mal endothelial cells were shown to consist of distinct 
lines of blood vascular and lymphatic endothelial cells 
(Fig. 4) (121, 144). Cells of the lymphatic lineage could be 
isolated by antibodies against VEGFR-3 or podoplanin, 
another marker for lymphatic endothelium. Signaling via 
VEGFEW3 was shown to be critical for growth, migration, 
and survival of the isolated lymphatic endothelial cells 
(144). Also, VEGFR-2 was detected in the lymphatic en- 
dothelial cells, suggesting that activation of both VEGF-C 
receptors may be required for their maximal survival (144, 
166).-The isolation and cultuiing of lymphatic endothelial 
cells now allow more detailed studies of the molecular 
properties of these interesting cells. 

G. Neuropilins Modulate VEGF Activities 

NRP-1 and NRP-2 are transmembrane receptor pro- 
-teins that are required for axon guidance and, according 
to recent discoveries, also for the regulation of angiogen- 
esis (83, 198, 199). Botti neuropilins bind certain isoforms 
of VEGF, VEGF-E, HGF-2, and VEGF-B (143, 149, 199, 
225). NRP-1 is expressed in the tips of actively growing 
axons of particular classes of neurons (74), but also in the 
blood vascular endothelial cells and in certain tumor cells 
(198, 199). NRP-1 enhances VEGF l6S binding to VEGFR-2 
and VEGF-mediated chemotaaris. Embryos lacking tunc-, 
tional NRP-1 die due to defects in VEGFnctiediated angio- 
genesis and subsequent cardiovascular failure (113), and 
ectopic overexpression of NRP-1 leads to an excess of 
dilated blood vessels and hemorrhage, apparently due to 
inappropriate VEGF activity (119). Recently, NKF-2 has 
been shown to bind VEGF-C and to be expressed together 
with VEGFR-3 in the endothelial cells of a subpopulation 
of the lymphatic vessels (106). 




podoplanin 
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ne, 4. Cultured microvascular endothelium consists of blood vas- 
cular and lymphatic endothelial cells. A sabpopulafcon of cultured hu- 
man primary microvascular endothelial cells wag positive for the Em- 
phatic endothelial cell markers VEGFR^S and podoplanin (B). The 
cells wer* also stained for nuclear DNA using th<> Hcechst33aSB ffuoro- 
chrome (Q. The specific lymphatic ceU surface antigens allow the 
isolation and ctdtaring of stable Hneages of lymphatic and blood vascu- 
lar endothelial cell populations and further studies of the molecular 
properties of these cells (144). Scale bar in C is for A-C, 160 ^m- 



H* Angiopoiettos and Tie-2 Are Involved in Vessel . 
Stabilization and Maintenance 

Tie-1 and Tie-2 (Tek) are expressed in endothelial 
cells throughout -embryonic development as well as in 
hematopoietic progenitor cells (50). Gene targeting exper- 
iments indicate that He-1 and Tie-2 are essential to the 
angiogenic expansion of the vasculature during develop- 
ment In mouse embryos lacking the Tie-2 receptor, en- 
dothelial cells are present in slightly reduced numbers 
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and are assembled into tubes, but the vessels remain large vessels in transgenic mice. Surprisingly, a combina- 

imrnature, lacking branching networks and proper orga- tonal function of Ang-1 and Tie-1 was critical for the 

nization into a hierarchy of large and small vessels (51, development of the right-side venous system, but not for 

187). The vessels lack intimate encapsulation by perien- the leftside venous system (135), Identification of the 

dothelial support cells, and the endocardium is only fcgand(s) for the Tie-1 receptor should provide further 

loosely attached to the myocardium. Thus Tie-2 appears insights into the mechanistic basis for this asymmetric 

to control the capability of endothelial cells to recruit regulation of vascular development Ang-2 may also be 

stromal cells, which stabilize the vessel structure and involved in the regulation of lymphatic vessels, since 

modulate the function of blood vessels (87). Tie-1 is re- knock-out mice lacking functional Ang-2 have chylous 

quired cell autonomously for endothelial cell survival and ascites with a disorganised and leaky lymphatic v&scula- 

extension of the vascular network during the later part of ture (G. Thurston and G* Yancopoulos, personal commu- 

embryogenesis (173, 187). Vasculogerxesis proceeds nor- ideation), 
mally in embryos lacking both Txe-1 and Tie-2, since the 

angioblasts differentiate normally (172). It appears that _ . „ . , . « 

one of the earliest critical functions of these receptors L FDQFs *™lved ™ Recruitment 
concerns endocardial development but that rescue of the <* Perivascular Structures 
embxyos is possible if one bypasses the critical period 

using transgenic expression of Tie-2 (D. Dumont, per- The FDGF family consists of homodimers or het- 

sonal communication). erodimers made from the pairwise assembly of Hie related 

Angiopoietin (Ang)-1 and Ang-2 bind to Tie-2 with PDGF polypeptide chains (reviewed in Ref. 92). These 
similar affinities, but only Ang-1 can activate the receptor effects of the FDGFb depend on the target cell type, in 
directly. Ang-2 is capable of inhibiting the effects of Ang-1 particular on the cell's repertoire of PDGF receptors. The 
in endothelial cells in short-term experiments. However, dimeric, active receptors consist of otr and ^-subtypes of 
if endothelial cells of human umbilical vein are stimulated the PDGF tyrosine kinase receptor. The or-receptor can 
with Ang-2 for longer periods, activation of the H&-2 bind FDGFA PDGF-B, and PDGF-C chains, whereas the 
receptor is obtained (206), Ang-2 is also capable of sttm- preceptor is selective for the FDGF-B and PDGF-D 
ulating Tie-2 in transfected nonendothelial cells. Thus chains (21, 23, 132). On the basis of the gene-deficient 
Ang-2 has both agonistic and antagonistic properties, studies, both receptors are essential for embryonic devel- 
which may relate to its ability to dimerize or oligomerize opment PDGF-A and FDGFR-a are prominently ex- 
less efficiently than Ang-1, or to binding to an inhibitor pressed at sites of epithelium-mesenchyme interaction, 
that rteeds to be downregulated % whereas PDGF-B takes part Sn blood vessel development 

Ang-1 is widely expressed in both embryonic and (94, 133, 159). PDGF-D is the first known PDGFR-0-spe- 
adult tissues (205). Ang-2 is also expressed in embryos chic ligand, and its unique receptor specificity indicates 

around large vessels, but in adults the expression pattern that it may be important in the development and patho- 

is restricted to sites of physiological angiogenesis, where physiology of several organs. The expression of PDGF-C 
vascular remodeling occurs (141). Transgenic overexpres- and PDGF-D in the arterial wall and cultured vascular 
sion of Ang-2 under the Tie-2 promoter in the embryonic cells suggests that they can transduce prolif eratoonAragra- 
endothelmm indicates that Ang-2 inhibits the recruitment tion signals to pericytes and smooth muscle cells (213). 
•of supporting perivascular cells, resulting in a phenotype The expression patterns of PDGF-A and PDGF-C are conv 

similar to that of the Ang-1 knockout embryos (205). m patible with overlapping functions, but the situation with 
adults Ang-2 allows vascular remodeling, which other- FDGF-B and PDGF-D is not that well characterized yet 
wise is restricted by encapsulation by the basement mem- The association of supporting smooth muscle cells or 
brane andperiendotheUal support cells. When the expres- pericytes with angiogenic vessels has been suggested to 
sion of Ang-1 overcomes that of Ang-2, such remodeling regulate endothelial proliferation, survival, sprouting, and 
ceases and vessels stabilize (reviewed in Ref. 75). differentiation. During blood vessel development, PDGF- 

Several lines of evidence indicate that there is signtf- B is eacpressed in endothelial cells, while pericytes and 
icant collaboration between VEGF, Ang-2, and Ang-1 in smooth muscle cells covering the blood vessels express 
angiogenic processes. Vascular regression is associated FDGFR-ft indicating paracrine signaling between these 
with very high levels of Ang-2 in the absence of activating two cell types (94, 133). Targeted gene deletion studies of 
survival signals from VEGF. In the skin of transgenic PDGF-B or FDGF&-0 gave similar phenotypes. In both 
mice VEGF increases the number of capillaries, whereas mouse strains, blood vessel development was deficient 
AncJ ranses a massive enlargement of postcapillary because of the inability of blood vessels to attract pen- 
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endothelial cells, supporting the notion that pericytes in- 
hibit endothelial cell proliferation (93). 

Smooth muscle cell proliferation in response to the 
release of growth factor from neighboring cells is one 
mechanism postulated to account for the development of 
atherosclerotic lesions- PDGFs may be involved in initia- 
tion and progression of atherosclerotic changes in arterial 
intixna by promoting proliferation of smooth muscle cells 
of the vascular wall (24, 150). These molecules may also 
have an important role in tumor biology, since expression 
of the mENA of the receptors and Uganda A and B has 
been observed in a vdde variety of human tumors (92). 

J. Ephrins and Ephs Are Involved in Arteriovenous 
Differentiation 

Before the heart starts to beat and circulate blood, 
the vascular hierarchy must be organized and arteries and 
veins must be ready to properly transport blood. In stud- 
ies of the ephrin family of molecules it has become obvi- 
ous that the fate of the endothelial cell is already marked 
in early embryonic development when the whole endo- 
thelium is still rather uniform in nature (reviewed in Ref. 
230). Unlike ligands for other receptor tyrosine kinases, 
the ephrins cannot act as soluble mediators but are mem- 
brane bound to activate their receptors. The Bph receptor 
family consists of at least 14 members. The receptors, and 
their ligands, can be divided into two subclasses, A and B 
(230). Bphrin-B ligands are transmembrane proteins and 
bind -to receptors of the Eph-B subclass. Ephrin-B2 was 
shown to mark future arteries while its receptor Eph-B4 
reciprocally marks the venous endothelium (2 IS). Fur- 
thermore, embryos lacking Ephrin-B2 displayed severe 
defects in vascular remodeling in both arterial and venous 
domains. These findings provide some of the earliest 
known markers distinguishing the arterial and venous 
endothelia. These data for the first time show the exis- 
•tence of bidirectional signaling between these vessel 
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types. This suggests that the molecular differences are at 
least in part programmed genetically in arterial versus 
venous endothelia and that these differences may be crit- 
ical to normal development of the vasculature. 

As the ephrins and Eph receptors distinguish arterial 
versus venous endothelial cells in the primary vascular 
plexus and are membrane bound, they interact with each 
other at sites of cell-to-cell contact, and the interactions 
are considered to lead to cell retraction. This signaling 
may happen at the junction of arterial and venous cells, or 
when the developing tubules pass each other and come in 
contact with adjacent sprouts during early remodeling of 
embryonic vasculature (230). These local interactions 
may ensure that new angiogenic sprouts fuse only with 
their counterpart branches, Inhibitory interactions may 
also help fusion to occur between the right type of vessels 
during remodeling, e.g., preventing fusion of arterial and 
venous structures and ensuring remodeling into a proper 
capillary network. On the other hand, co expression of 
ligands and receptors in the same vessels may provide 
stimulatory signals to endothelial cells and promote 
sprouting and morphogenesis resulting in formation of 
functional vessels (5)> 

Other members of the Eph family are also critical for 
the remodeling of the vascular network (5). It has been 
. also shown that the interactions of ephrins and Ephs are 
not restricted to the arterial/venous boundary but occur 
throughout vasculature and in mesenchymal cells adja- 
cent to the blood vessels. These endothelial-mesenchymal 
contact fcones may be critical for the patterning of the 
vasculature. 

UL MARKERS OP THE LYMPHATIC 
ENDOTHELIUM 

A major advance in the field Of lymphangiogenesis 
has come from the discovery of lymphatic endothelium- 
spedfic markers (Table 1). VEGFR-3 was the first mole- 



table 1. Markers for the lymphatic vessels 



Molecule 



Protein CIbse 



Biological Effect 



Reference No. 



VEGFR-3 

LYVE4 

PROX-1 
Padoplanin 

s-Chemoldzie receptor D6 
Desmoplakin 

Macrophage martnose receptor 



Beceptar tyrosine kinase on 

endothelial cell 
Receptor for extracellular m&rix 

glycosainiriogiyc&n 
Transcription factor 
Integra) membrane protein 
Chemolcme receptor in afferent 

lymphatics 
Component of intercellular adhering 

junction in LECb 
Receptor In macrophages 



lymphangiogenesis 

survival of LEG 
Transport of HA from tissues to 

lymph nodes 
Developmental lymphangiogenesis 
Unknown 

Leuckoctfe recirculation 

Adhesion of LECs 

Phagocytosis of microbes, viral 
endocytosoa 



105 

13 

222 
30 
151 

168 

134 



IXC, lymphatic endothelial cell; HA, hyalaronan. 
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cule found to be expressed in the lymphatic endothelium, may also have a role in lymphatic vessel regulation, as 

but further studies have revealed that it is also expressed they also appear in lymphatic endothelia (103, 166) and 

in a subset of blood vessels and in addition can be reac- mice deficient for the Ang-2 have a lymphatic phenotype 

tivated in the angiogenic vessels in certain pathological (G. Thurston and G. Yancopoulos, unpublished data). In 

conditions (165, 214). Podoplanin is a glomerular podo- cultured lymphatic endothelial cells, the VEGFR-3, 

cyte membrane mucoptotein, which occurs together with LYVE^l, and podoplanin were essentially located in the 

VEGFRp3 in the lymphatic endothelium and in benign same cells (144). In addition, VEGFR-1, VEGFR-2, and 

vascular tumors and angiosarcomas, but is also expressed VEGFR3 were expressed in the same cultured lymphatic 

in certain nonendothelial cells, such as osteoblastic cells, endothelial cells. 

kidney podocytes, and lung alveolar type I cells (29, 30). The markers of lymphatic endothelium show over- 
Podoplanin is present in small lymphatics but not in the lapping expression patterns in the lymphatic vessels of 
larger ones having smooth muscle cells, and all the blood most benign tissues. However, recent findings have re- 
vessels as well as high endothelial venules in the lymph vealed that at least VEGFR-3 and LYVE-1 can be ex- 
nodes are negative for podoplanin expression. Prox-1 is a pressed in blood vascular endothelia in physiological con- 
homeobox transcription factor gene product involved in ditions (43, 165). More information needs to be obtained 
the growth and elongation of the lymphatic vessel sprouts to clarify the specificity of these markers in the lymphatic 
during development (222). Consistent with this, Prox +/- vessels in disease processes. Until then, several markers 
hetero2ygous newborns develop chylous ascites and die should be used to confirm the staining of lymphatic ves- 
shortly after birth (222). Prox-1 is also expressed in non- sels in pathological conditions, 
endothelial cells in the lens, heart, liver, pancreas, and 

nervous system. The third marker, lymphatic vessel en- w jjiseASES OF TEE LYMPHATIC VESSELS 
dothelial HA receptor-1 (LYVE-1), is a receptor for extrar 

cellular matxix/lymphatic fluid glyccsammogtycan i in lym- Pathological processes similar to those that affect 

phatic endothelial cells (13). This molecule wfech is blood ^ M thromho ^ nomination, vessel 

related to the CD44 receptor for hyaluronan, is disputed ^ ^^^hy, and sclerosis, may also occur to some 

equally among the luminal and abluminal surfaces of lym- extent ^ ve9Q ^ However, the slow flow of the 

phatic vessels and is involved in the uptake of hyaluronan lyraphatic fltdd j^es lymphatic disorders less acute in 

by lymphatic endothelial cells and its transport from the character ^7). Lymphatic vessel defects are associated 

tissues to the lymph (171). However, LYVE-1 is not com- ^ m ^ TQsis ^ overgrowth rather than the dra- 

pletely specific for the lymphatic endothelial cells, as xt is events such as occur in blood vessels 

also rlresent, e.g., in normal hepatic blood sinusoidal en- ^ blood ^ ^ interrupted, 

dothelial cells (43). 

Recently, a J3-chemokine receptor D6 was shown to 

be present in a subset of lymphatic vessels in the skin, A. Lymphedema, a Failure of Lymph Transport 
intestine, and lymphoid tissues (151). Interestingly, lym- 
phatic vessels in most of the organs remained negative for An important function of the lymphatic vessels is to 

D6 immunoreactivhy. Trie existence of this receptor on regulate the pressure of interstitial fluid in tissues by 

only a subset of lymphatics suggests a fimctional hetero- transporting excess fluid back into the circulation. Edema 

•geneity within the lymphatic vasculature. Consistent with represents an imbalance between lymph formation and its 

this, recent findings revealed the coexpression of NEP-2 absorption into the lymphatic vessels. Clinical situations 

and VEGFR-3 in the lymphatic vessels of the intestine, in which the lymphatic system is involved include 

whereas dermal lymphatic vessels did not show NftP-2 lymphedema due to impaired lymphatic drainage. This 

expression (106), The mannose receptor of macrophages can be caused by inflammatory or neoplastic obstruction 

is also expressed by lymphatic endothelium in addition to of the lymphatic vessels including accumulation of ascites 

macrophages and other nonendothelial cells (134). The fluid due to lymphatic obstruction in peritoneal carcino- 

biological role of this receptor in lymphatic vessels is not matosis or edema of the arm after surgery or radiotherapy 

known, but it may play a role In inflammation and immu- for breast cancer. Lymphatic filariasis, globally the sec- 

nity ^-Nucleotidase and desmoplakm have also been ond leading cause of permanent and long-term disability, 

used to distinguish the lymphatic from the blood vascular is a parasitic infection in the lymphatic vessels, which 

endothelium (188, 212), and because lymphatic capillaries leads to abnormattransport function, massive edema, and 

lack a continuous basement membrane; immunohisto- deformation of the limbs (227). 

chemistry for extracellular matrix components type IV Primary lymphedema is a rare developmental disor- 

collagen and laminin have been used to distinguish them der in which the transport failure of the cutaneus lynv 

from blood capillaries (16). VEGFR-2 is occasionally ex- phatic vessels results in interstitial lymph fluid accumu- 

pressed in lymphatic endothelia (166), andTie-1 andHe-2 lation. Chronic lymphatic dysfunction gradually results in 
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thickening of the sldn, accumulation of adipose tissue, Kaposi's sarcoma are of lymphatic endothelial origin. The 
and dermal fibrosis of the affected area (129). Recently, spindle ceQs and cells lining the irregular vascular spaces 
several groups have reported linkage of congenital are positive for both VEGFR-3 and podoplanin (30, 103). 
lymphedema (Milro/s disease) to the VEGFR-3 gene (59, In addition, the spindle cells have been shown to express 
66, 226) with autosomal dominant inheritance, This mu- VEGFR-2, Ang-2, Tie-1, and Tie-2 (31, 164, 195). 
tation was shown to lead to reduced VEGFR-3 tyrosine 
kinase activity and subsequent failure in transducing suf- 
ficient physiological VEGF-C/VEGF-D signals to the lym- c - Vascular Tumors Express VEGFRr3 
phatic endothelial cells (107). In all lymphedema families <*e Endothelium 
studied, the affected, individuals had only one mutant 

allele (98, 107). This is compatible with the results that Vascular malformations are structural anomalies of 

inactivation of both VEGFR-3 alleles in mice is embryonic the vascular system and may be composed of arteries, 

lethal (52). capillaries, veins, lymphatics, or combinations of them 

The mutation affecting the biological activity of (78). They are often congenital benign lesions present at 
VEGFR-3 is probably one cause of primary lymphedema, birth, but their enlargement ceases with the growth of the 
but some other lymphedema genes also exist, for exam- patient. An activating mutation in the Tie-2 receptor has 
pie, FOXC2 (60). Identification of genetic markers and been shown to cause inherited venous malformations 
high-risk members of lymphedema families would faciK- (217). Altered Tie-2 regulation leads to abnormal venous 
tate the identification and management of environmental growth -or remodeling due to local uncoupling between 
factors influencing the expression and severity of proliferation and differentiation of endothelial and 
lymphedema In particular, these findings permit better- smooth muscle cells. This resembles the defects in the 
informed genetic counseling in affected families and ef- transgenic mice overexpressing Ang-1 (207, 208). An de- 
fective therapeutic regimens for lymphedema tivating mutation of Tie-2 or overexpression of its activat- 
ing Iigand are both apparently able to cause sixrtilar 
changes in vascular remodeling (reviewed in Ref. 69). 
B. Kaposi's Sarcoma Originates From Vascular tumors consist of a broad morphological 
Lymphatic Endothelia spectrum from hamartomas to malignant neoplasia They 

can be divided into benign tumors (hemangioma) and 

Kaposi's sarcoma is a multicentric neoplasm consist- malignant vascular tumors (angiosarcoma) and to the 

ing of multiple vascular nodules appearing in the skirt, tumors of lymphatic vessels (lymphangioma) audperivas- 

mucrfUs membranes, and viscera. Typically, the tumor cular cells (glomus tumors). The molecular characteris- 

respects tissue planes and is rarely invasive. Molecular tics of these tumors are so far mostly unknown, but VEGF 

and epidemiological studies indicate that development of and its receptors have been shown to be expressed in the 

Kaposi's sarcoma is associated with infection by the endothelial cells of these tumors (180). Although normal 

human herpesvirusr8 (HHV-8) (204)- However, predomi- mesenchymal tissues show VEGFR-3 in the lymphatic 

nantly individuals with specific conditions of immunodys- endothelial cells, cells of benign and malignant vascular 

regulation, especially acquired immunodeficiency syn- tumors show widespread VEGFR-3 expression, suggest- 

drome patients, develop Kaposi's sarcoma. The nodules ing that VEGFR-3 is upregulated in the proliferating blood 

•are characterized by clusters of spindle-shaped tumor vascular endothelial cells. This is consistent with the 

cells and by prominent vasculature consisting of small, VEGFR-3 expression in the embryonic developing vessels, 

irregular, endothefial-lined spaces. It is thought not to be as well as reactivation in adult angiogenic blood vessels 

a neoplastic transformation of cells in the classic sense, (52, 214). Although strong expression of VEGFR-3 would 

but rather a manifestation of excessive proliferation of be consistent with lymphatic differentiation, the exten- 

the spindle cells. A central question in the pathogenesis of Hive erythrocyte content in the vascular lumina of these 

Kaposi's sarcoma has long been, which cell type in early lesions supports the idea that VEGFR-3 expression in 

lesions gives rise to the uniform tumor cells of late nod- these tumors reflects a proliferative vascular phenotype 

ules (77). The spindle cells are most likely endothelial in rather than a lymphatic phenotype. The expression of 

origin, but there has been controversy as to whether they VEGFR-3 among vascular proliferations demonstrates 

are of lymphatic or blood vascular derivation. The patho- that bloodvessel endothelia can acquire VEGFR-3 espres- 

biology of Kaposi's sarcoma is complex, and several vaa- sion independently of lymphatic vascular differentiation, 
cular growth factors have been reported to be expressed Classification of angiosarcomas is mostly based on 

in the nodules, suggesting that the balance of angiogenic/ morphological criteria. It has been suggested that some of 

lymphangiogerdc molecules is behind this tumor type the angiosarcomas contain components of a lymphatic 

(77) lineage, but since the antibodies used for the detection of 

Several reports support the idea that the cells in blood endothelia show overlapping staining of lymphatic 

Physiol Rev • vol 82 • july 2cc4 « www.prv.org 

PAGE 60/75 ' RCVD AT 3/112006 6:14:51 PM [Eastern Standard Time] ' SVR:USPTOEFXRF-5)16 ' DNISOTOO ' CSID: 1 DURATION (mifrss):6148 



MAR. 1. 2006 6:55PM PABST PATENT GROUP 



NO. 7180 P. 61 



688 LOTTA JUfelLA. A 

endothelia, there is no proof of this. Some cell popular 
tions in angiosarcomas are positive for podoplanin, which 
retains its lymphatic endothelial cell specificity in vascu- 
lar tumors, supporting the idea of mixed expression of 
both blood and lymphatic phenotypes in angiosarcomas 
(30). As expression of VEGPR-3 is seen in the majority of 
benign and malignant vascular tumors (164), it could thus 
be used as a lineage marker to identify endothelial cell 
differentiation in the tumors. However, farther studies are 
needed to evaluate the sensitivity and specificity of both 
VEGFR-3 and podoplanin in the malignant transformation 
of blood or lymphatic endothelial cells. 

Lymphangiomas result from abnormal development 
of lymphatic vessels, which prevents lymph fluid draining 
from the affected area. Lymphangiomas can originate in 
most organs, although they are most often found in the 
soft tissues of the head and neck (cystic hygroma) and 
axflla. They consist of a benign mtdticystic mass of dilated 
networks of lymphatic channels. Both VEGFR-3 and po- 
doplanin specifically stain the endothelia of lymphangio- 
mas and could be used for diagnostic purposes (30, 
103, 164). 

V. TOMOMGENESIS AND METASTASIS 

Cancer is a disease involving dynamic changes to the 
genome. Mutations produce oncogenes that gain a domi- 
nant function, and tumor suppressor genes become inac- 
tivated and lose function (reviewed in Ref. 83). Lots of 
evidence indicates that tumorigenesis in humans is amul- 
tistep process, and these steps reflect the genetic alter- 
ations that drive the progressive ti"aitsformaticirL Cancer 
cells have defects in regulatory circuits that govern nor- 
mal proliferation and homeostasis. Whereas normal cells 
require mitogenic signals before they can move from a 
quiescent state into an active proliferative stage, malig- 
nant cells are self-sufficient for the growth signals and 
insensitive to the growth-inhibitory signals, which nor- 
mally operate to maintain cellular quiescence and tissue 
homeostasis* Tumor cells generate many of their own 
growth signals, thereby reducing their dependence on 
stimulation from the normal tissue rracroerrvircaiment 
They develop various strategies to avoid terminal differ- 
entiation and are therefore more capable of proliferating 
than the well-differentiated benign cells. Most soluble 
ndtogenic growth factors are produced by one cell type to 
stimulate the proliferation of another, whereas many can- 
cer cells acquire the ability to synthesize their own growth 
factors leading to autocrine stimulation. It has long been 
thought that tumors are independent from the surround- 
ing cells and their action, but now it seems more likely 
that cancer development depends on interactions be- 
tween tumor cells and their benign neighbors. Tumors 
and metastases tend to harbor complex mixtures of sev- 
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eral cell types that collaborate to create a malignant 
growth, including fibroblasts, immune cells, and endothe- 
lial cells (68, 88). 

The cells within aberrant proliferative lesions ini- 
tially lack angiogenic ability, preventing their expansion. 
The ability to induce and sustain angiogenesis seems to be 
acquired in discrete steps during tumor development via 
an angiogenic switch from vascular quiescence to prolif- 
eration (88). In studies of transgenic mouse tumorigenesis 
(Rip-Tag^, angiogenesis was found to be activated in mid- 
stage lesions before the appearance of full-blown tumors 
(70). These observations indicate that neovascularization 
is necessary for the rapid clonal expansion associated 
with the formation of macroscopic tumors. Tumors ap- 
pear to activate the angiogenic switch by changing the 
balance of angiogenic inducers and inhibitors (20, 68). 
Another regulatory mechanism is the function of pro- 
teases, which can control the availability of angiogenic 
activators and inhibitors stored in the extracellular matrix 
(48). There is also evidence of heterogeneity of angio- 
genic activity in malignant neoplasms, where this seems 
to be regulated by the organ microenvironment (194). 

Tissue hypoxia is a fundamental angiogenic stimulus 
characteristic also of malignant tumors. The VEGF gene 
has been shown to contain specific hypo^ia-responsive 
elements and to be upregulated in response to low oxygen 
tension (65). Ang-2 levels are also increased by hypoxia, 
suggesting a collaboration of VEGF and Ang-2 in the 
regulation of neovas cuiarization of ischemic tissue (re- 
viewed in Ret 126). Tumor-derived signals such as VEGF 
may specifically induce Ang-2 expression in tumor endo- 
thelia, and this may be one important component in an- 
giogenic switch and in the formation of an endogenous 
tumor micro osculation. 

A Lymphatic Vasculature and Growth Factors 
lA Tumors 

As tumors need neovascularization to grow, micro- 
vascular density has been used as a measure of tumor 
angiogenesis, and its correlations to tumor growth, me- 
tastasis, and prognosis have been studied (221). Levels of 
VEGF are upregulated in a large number of human tumors 
(for review, see Eef . 65), and inhibition of VEGF activity 
results in tie suppression of growth of a wide variety of 
tumor cell lines in murine models (63). It was long 
thought that lymphatic vessels may be lost, collapsed, or 
could not penetrate in the expanding primary tumors 
because they cannot survive in the high solid stress inside 
the tumors (reviewed in Ref. 167). However, recently 
some mtxatumoral lymphatic vessels have been observed 
(201), and an interesting question now is whether or not 
lymphatic vessel density, compared with blood vascular 
density, is related to prognosis and metastatic spread. 
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Few data are available on the influence of lymphatic develop metastases remain poorly understood In fact, 
microvessel density on survival in cancer, because until most disseminated tumor cells have a limited life span, 
recently there was no reliable immunohistological marker and only a few develop into clinically detectable micro- 
for the lymphatic endothelium. In ovarian cancer, the metastases. Nevertheless, identification of those occult 
lymphatic vessel density had no influence on the progres- tumors cells, and prevention of their growth and spread 
sion of the disease, and in cervical cancer an increased would be of great clinical significance, 
amount of lymphatic vessels may even be associated with The presence of a metastasis in a lymph node does 
a favorable prognosis (25, 26). It is likely that human not necessary mean that the tumor cells have been arrived 
tumors demonstrate heterogeneity with regard to the via the lymphatic vessels (215). Intra-lymphatic tumor 
presence or absence of intratumoral lymphatics. The na- cells may pass directly into the blood vascular system 
ture of the marker may also influence the determination through venolymphatic communications; that has been 
of the lymphatic vessel density. VEGFR-3 has been seen in observed in certain organs. Also, an increase in the num- 
the endothelial ceDs of the proliferating vasculature in ber of tumor cells in the blood circulation should also 
solid tumors and vascular tumor ceDs of endothelial ori- raise the frequency of the lymph node metastases. This 
gin (164, 214) and therefore cannot be used alone to pathway may be related to the increased number of mi- 
confirm the intratumoral lymphatic vessel density. Also crovessels in the tumors and therefore cannot be consid- 
LYVE-1 has been shown to be expressed by the sinusoidal ered as lymphatic vessel-mediated metastasis, 
blood vessels of the liver (43). Therefore, until the spec- 
ificity of these markers .in lymphatic ^^.^f^r ^ Metastases 
progression and metastases has been clarified, multiple ' 1 
markers should be used in elucidating correlation be- 
tween lymphatic vessel density and tumor growth, metas- VEGFR-3 may play an important role in the formation 
tases, and prognosis. of tumor-induced neovascularization, since it is expressed 
All VEGFBs are present in tumor neovasculature, and in capillary vessels during tumor angiogenesis (164, 214). 
tumor cells have been reported to be able to secrete Inactivation of VEGFR-3 by neutralizing antibodies sup- 
VEGP, VEGF-B, VEGF-C, and VEGF-D (4, 65, 186). How- pressed tumor growth by destabilizing large vessels in 
ever the angiogenic switch is thought to be carefully tumor xenografts in mice. Microhemorrages were seen in 
regulated and at least some specific genetic events in these vessels, suggesting that VEGFR-3 could be involved 
tumor progression correlate with lymphatic metastasis, in maintaining the integrity of the endothelial cell lining m 
suggesting that a "rymphangiogenic switch" mechanism is the neovasculature (122). Frequent VEGFR-3 antibody 
also a- format possibility. administration ™s required for the suppression of tumor 

growth, but the architecture of the nonangiogemc blood 
and lymphatic vessels remained unaffected. It has also 
B. Mechanisms of Blood Vascular and teen shown mat even a prolonged suppression of VEGF 

Lymphatic Metastasis activity in adult mice has no effect on the maintenance of 

the vascular system, although it suppressed angiogenesis 
The capacity to spread enables cancer cells to escape severely in embryos (81). The fUuy established blood and 
the primary tumor mass and colonize new areas in the lymphatic vessels seem to be resistant to treatment with 
■ body, where nutrients and space are not limiting. Tumor these kinds of ^angiogenic agents. ...... 

centesemination is mediated by mechanisms including Recent work using ^errmentel models has high- 
local tissue invasion, lymphatic spread, hematogenous lighted** role of VEGF-C ^ d J^^X^of £ 
spread or direct seeding of body cavities or surfaces (47). Transgenic rmce overdressing fVEGF-C in {Reus of the 
Mthough the biochemical mechanisms are not completely endocrine pancreas (Rip-VEGF^, rat ir^ promoter) 
understood, it is thought that the metastatic spread of a developed extensive rymphangiogenesw around the endo- 
Smort not a^vdoTprocess. Distinct patterns of me- crine islets of I^erhans (145). Furthermore, when tu- 
Sasis can be discerned that vary from tumor type to mors were induced in these VEGF-C overe^smg i^ 
taoortype. A common pattern for carcinomas is that lets, by mating the mice wrth transgenic mice «q>ressmg 
regionalLiph nodes are often the first sites to develop the suman virus 40 T-antigen ^^^f 1 ^^ 
iSastasesSther draining via preexisting afferent lym- <Rpl-Tag2), metastatic tumor cell aggregates of £<*U 
phatic vessels and/or via newly formed lymphatic capil- origin were observed in the surroun tog lyrr^hatic ves- 
laries This pattern of metastasis is central to the utility of sels. These mice also frequently developed metastases m 
the sentinel lymphnodectoxny as a surgical technique, the lymph nodes, which drain the pancreas, whereas tu- 
However, not all tumors and tumor types metastasize to mors in mice lacking the VEGF-C transgene never metas- 
the rejdonal lymph nodes first The mechanisms cletermin- tasized, nor were tumor cells observed inside the lym- 
ing whether regional lymph nodes or other sites first phatic vessels (146). VEGF-C overexpressed by the 
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tumors did not significantly alter tumor volume, transition 
from adenoma to carcinoma or tumor angiogenesis, but 
interestingly the tumor incidence was increased, ft* 33 
yet unknown reasons. Similarly, human breast cancer 
cells expressing ectopic VEGF-C were shown to induce 
lymphangiogenesis in and around the orthotopically im- 
planted tumors (Fig. 5*0 (III, 197). However, VEGF-C did 
not have a significant effect on angiogenesis, although it 
increased tumor growth. Increased spreading of the cells 
to the regional lymph nodes was observed, and the degree 
of tumor lymphangiogenesis correlated with lymph node 
metastases Ot M. Mattila, personal cononunication). 
VEGF-C-induced tumor growth, lymphangiogenesis, and 
intralymphatic tumor growth was inhibited by adenoviral 
expression of the soluble VEGFR-3 receptor (Fig. 5JS) 
(1X1). However, although VEGF-C is present, it is not 
always sufficient to induce the formation of ftanctiona! 
lymphatic vessels (128). There may be variation between 
different tumor types, and the solid stress exerted by the 



growing tumor may prevent the growth of lymphangio- 
genic sprouts into the tumor 

VEGF-D was also shown to promote the metastatic 
spread of tumoT cells via the lymphatics (201). In addition 
to lymphangiogenesis and increased metastases, the tu- 
mors secreting VEGF-D also had an increased growth rate 
and tumor angiogenesis. The growth of the tumor, angio- 
genesis, and formation of metastases were inhibited by 
neutralizing antibodies against the bioactive region of 
VEGF-D. The differences between the tumor angiogenic 
properties of VEGF-C and VEGF-D may be due to differ- 
ences in their proteolytic processing in different tumors. 
Some of the heterogeneity in the effects of these growth 
factors may also result from variable expression of their 
receptors, VEGFR-2 and VEGFR-3, on the blood vascular 
and lymphatic endothelia. In particular! in the above case, 
enhanced tumor angiogenesis was probably obtained for 
VEGF-D because of its increased proteolytic processing, 
which resulted in an increased affinity to VEGFR-2 (201), 




hc 5. Development of metastasis via the lymphatic 
vessels. Overexpressian of VEGF-C in xeno transplanted 
human breast carcinoma cells in mite leads to tumor 
lyinph&nglogenesL3 accumulation of metastatic tumor 
rpii* in newly formed peritumor&l lymphatic vessel? 
(stained for the lymphatic marker LYVEl; arrows in A), 
Such lymphsnglo genesis and uitralymphatic ttimor growth 
-nfe? prevented by adenoviral delivery of a soluble 
VEGFR3 protein (B). Scale bar in 3 is tor A and B, 200 pro. 
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compared with the VEGF-C models. Consistent with this, expression in human tumors and the formation of me- 

the vascular effects of VEGF-C in experimental tumors tastases in regional lymph nodes. So far, VEGF-C levels 

were reduced, when the mice were Created with blocking in primary tumors have been shown to correlate signif- 

antibodies against VEGFR-2 (104), Also, intratumoral lynt- icantly with lymph node metastases in thyroid, pros- 

phatic vessels were observed in tumor xenografts (111, tate, gastric, colorectal, lung, and esophageal carcino- 

197, 201), but not in the transgenic tumors (146), which mas (s } 32, H8, 152, 211, 231). Less is known about the 

may be at least partially explained by the trapping of " presence of VEGF-D in human tumors, but VEGF-D was 

vessels in between the rapidly growing tumor foci in the shown to be upregulated in human melanomas com- 

scenografts. On the basis of these observations, tumor pare <j ^ith melanocytes (4). In melanomas, VEGF-D 

vessel formation can be dissected into pathways that was detected in the tumor cells and in vessels adjacent 

preferentially activate angiogenesis (driven by VEGFR-2) to i rcwurnC p 0s itive tumor cells, but not in vessels dis- 

and pathways that preferentially activate lymphangio- tant from the This suggests that VEGF-D binds 

genesis (driven by VEGFR-3), although there is evidence to ^ endothelial cells of nearby vessels and contrib- 

that the receptors share overlapping expression patterns uteg ^ a paracrine manner to the regulation of tumor 

. , . . , „ . . angiogenesis. 
Activation of lymphatic endothelial cells by tumor ft fa ^ ^ what ^nt tumor cell secreted 
cell secreted factors may promote the motion of ^ ^ responsible for the large lymphatic 
tumor cells with the lympha^ <^do^ vessels occasional detected around human tumors. In- 
thereby f aohtete tumor ceB «Oy into the ^P^- * flamraatory ceUsTr example could contribute to the 
suite of the increased metastatic tendency of VEGF-C- llxMlLUWM ' v J . ™" i; _ . , . , 
TereSrSLg tuxaor cells, metastases were only seen in ly-phan^gene^ as VEGF-C is chemotacUc for = 
abouYone-thira of the tumor-bearing juice. Overall, an the phages and readdy induced by promnanunatory cytokmes 
oa£ of studies in which VEGF-C or VEGF-D has been (58, 17?). Dilated and erigorged penMaJJmrtph^cs 
overexpressed in tumors, one could suggest that there are may function poorly because of the obstruction of the 
additional, rate-lutdting steps m the metastatic process, lymphatic vessel by tumor cells. There tf evidence that 
The simplest explanation for the metastasis-enhancing the lymph flow in peritumoral lymphatics can change to 
effects of VEGF-C and VEGF-D is that they eliminate one lymphaticovenous communication or reverse lateral flow 
rate-limiting step by increasing the surface area between (229). It may be that lymph retention and reflux of lymph 
invading tumor cells, which is in contact with the hyper- induced by vessel obstruction favors the metastasis to 
plastic lymphatic endothelium. However, they could also occur by direct seeding to body cavities or by hematoge- 
facilifete metastasis by increasing vascular permeability, nous spread It is not clear whether the newly formed 
by changing the adhesive properties or cytokine or che- lymphatic vessels mature in a similar way to the blood 
mokine expression patterns of the lymphatic endothe- vessels or whether they are more prone to tumor cell 
lium. VEGF-C and VEGF-D secreted by the tumor cells invasion, for example, because of differences in the ex- 
could also have important effects on the tumor interstitial pre&sion of adhesion receptors. VEGF is known to be able 
fluid pressure. Both can increase vascular leak, but not as to upregulate tine expression of adhesion molecules in the 
efficiently as VEGF, a parallel increase in lymphangiogen- vasculature, but such a role for VBGF-C and VEGF-D is 
esis could alleviate this effect. The increased interstitial not ^own. 

■fluid pressure could be a major determinant oftumor cell Although it seems evident that both VEGF-C and 

seeding into the blood vascular and lymphatic circulation, VEGF-D can induce the growth of new lymphatic ves- 

especially since recent studies have shown that a propor- sevexa j questions remain .unanswered regarding 

tion of the lumen of tumor blood vessels themselves tumor lymphangiogenesis and metastasis. For example, 

consists of tumor cells (44, 90). it is not known whether it is sufficient for preexisting 

ft is still unknown whether VEGF-C or VEGF-D . phatic to by circum ferential growth 

expression also promotes lymphangiogenesis in human wnether new vegselfl ^ required for the enhance 

tumors, and if so, does thfejncrease the rate of mem- metastatic process. On the other hand, 

tasis to the lymph nodes. VEGF-C expression has been d ^ penBtrate into 

detected in about one-half of human cancers analyzed ^^apped between expanding 

(186). In breast cancer, VEGF-C expression seems to ^ g f ^°^ ^XtumorJ lyrnpharic vessels ob- 

correlate with lymph node-positive tumors wh^eas ™ J^^™Zn»^W*tl««lld 

VEGF-D may be expressed predominantly in innamma- servea are usuauy tuu^acu u .f^^-- 

toy breast carcmomas, suggesting that these growth stress on solid tumors; this may impair ^Jransport 

Sors have distinct roles in various tumors despite capacity. Also, as in angiogenesis, lymphangiogenesis 

their biochemical similarities (124). A number of re- may occur by several mechanisms, and different regu- 

ports have described a correlation between VEGF-C latory factors may be involved 
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VI. IMPLICATIONS FOR THE HUMAN microarray analysis and phage display screening have 

DISEASE THERAPY been used to identify such markers. The targeting of 

lymphatic vessels in human tumors would help in imaging 
these vessels and facilitate studies into the role of ryro 
A. Antiangiogeiiic aad Antimetastatic Therapy phatic vessels in the metastatic processes* Anticancer 

drugs specifically targeted to peritumoral lymphatic ves- 
Despite advances in surgery, radiotherapy, and che- sels could be used to inhibit lymphatic metastasis. How- 
motherapy, the prognosis of many cancers remains poor. ever > the destruction of these vessels would further ele- 
Orte of the goals of gene therapy in cancer treatment is to vate the high interstitial fluid pressure inside the tumors, 
target the therapeutic gene to all tumor cells, as each impairing the delivery of other drugs. Because VEGP-D 
untreated tumor cell has the potential to progress and to expression has been shown to become upregulated by 
metastasize. The purpose of combining coxtverttiortal can- direct cell-cell contacts, the increased intratumoral pres- 
cer therapy with antiangiogenic agents is that the airtivas- sure could increase close contacts between the tumor 
cular effects of the chemotherapy and radiotherapy are cells and lead to a compensatory increase of the lym- 
Selectively enhanced in the cells of newly formed vessels, phacogenic growth factor levels (158). Increased intra- 
for example, when survival signals mediated by VEGF are tumoral fluid pressure could also enhance the likelihood 
blocked (61, 115). However, one needs also to consider of hematogenous metastasis (39, 203). 
the unwanted toxic effects of the cancer therapy on the 

vasculature, some of which could be alleviated by provi- U w.^w A i»Tv flMTO 

sion of vascular survival factors (162). Therapy resistance *■ *™ ™ d Recombinant Protein Therapy 
in tumor cells depends on tumor cell heterogeneity, ge- of Myocardial and Peripheral Ischemia 
netic instability, and a high mutation rate. Compared with 

conventional cytostatics, there may well be less of a risk Ischemic heart disease stems from poor oxygenation 
of resistance to antiangiogenic agents, since the endothe- of the heart muscle as a consequence of coronary vessel 
lial cell compartment is assumed to be genetically more obstruction (47). Promoting angiogenesis in this situation 
stable and have a lower mutation rate than the torn or cells may have a positive impact by increasing collateral vessel 
C27, 61). However, the immature nature of tumor blood formation. Similarly, ischemia in the lower limb would 
vessels should provide a therapeutic window where the also be alleviated from such an improvement Animal 
tumor vascular endothelium can be targeted leaving the studies on proangiogemc therapies on these conditions 
rest of the vasculature intact. have shown promising results (63). However, studies of 

Several antiangiogenic agents, alone or in combina- Buschmann and Schaper (33) have shown that collateral 
tion with conventional therapies, have advanced to emu- formation is critically dependent on arteriogenesis, which 
cal trials. Many of them target angiogenic growth factors, is a distinct process from angiogenesis. 
their receptors, or downstream signaling. For example, Various angiogenic approaches to treating ischemic 
neutralizing antibodies against VEGF or VEGFR-2 have diseases are already in clinical trials (63, 99). Many of 
been used in the treatment of various solid tumors with them involve the delivery of VEGF to ischemic tissue to 
and without combination with traditional cancer therapy stimulate the growth of new vessels. One outstanding 
(39) Although preclinical results are promising, it is not question is whether a single angiogenic factor can pro- 
yet clear how antiangiogenic therapies will perform clin- mote functional and sustainable angiogenesis, or if a com- 
ically As mechanisms of angiogenesis differ in various bination of angiogenic molecules is required. For exam- 
tissues, therapeutic inhibition of angiogenesis needs to be pie, vessels induced by VEGF are leaky and tortuous, so 
modified for each target tissue (63). There is evidence may be possible to control leakmess by combining VEGF 
indicating that different types of tumors have distinct with Ang-1, as was done in a mouse model (207). Reconv 
molecular mechanisms to activate the angiogenic switch, binant VEGFO may also be used as a therapeutic angto- 
Whether a single antiangiogenic molecule wul suffice to genie growth factor in the treatment of tissue techenua, 
treat all tumor types, or whether an ensemble of such possibly even in combination with VEGF (95). The angio- 
molecules needs to be developed, remains to be seen, genie activity of VEGF-C in ischemic ^ditions may re- 
Toxic or vasc-occlusive therapy has also been used to late to the increased expression of VEGFR-2 and the 
target directly tumor vasculature (8, 56, 84). presence of relatively high endogenous VEGF levels m 

The differences between the surface molecules of such conditions. On the other hand, lymphangiogenesis 
blood vascular and lymphatic endothelia can be taken has never been studied in ischemia, but no evidence 
into account when targeting therapeutic agents selec- exists at present concerning the possible role of hypoxia 
lively to tumor lymphatic vessels- This would increase the in the regulation of the lymphatic vessels. The findings 
potency of the drug in the target tissue and limit the that VEGFhas an important role in bone angiogenesis and 
possibility of side effects (9, 181). Methods such as cDNA endochondral bone formation suggest that these factors 
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could also be used to enhance revascularization in ortho- have a heterozygous mutation in the VEGFR-3 gene, re- 

pedic conditions such as nonhealing fractures (80). suiting in partial loss of VEGFR-3 activity (106, 136, 137). 

An important question concerning the proangiogenic This impairs the development of the cutaneous lymphatic 
iherapies is how the therapeutic molecules should be vasculature and leads to hypoplastic, nonfunctional ves- 
administertd. Is it possible to deliver a potent molecule sels. Secondary to this, there is thickening of the skin as 
like VEGF in therapeutic quantities without causing toxic well as accumulation of adipose tissue and dermal fibrosis 
side effects, like hypotension or edema? Suitable methods similar to the lymphedema patients, 
and routes of therapy would also avoid the infiltration of The effect of VEGF-C was explored by both gene 
inflammatory cells, such as macrophages, which express therapy and tratnsgene approaches in the Chy model 
VEGFR-1. It is not clear for how long these factors should (106). When VEGF-C was overexpressed in the skin of 
be administered, whether the therapy leads to a func- Chy mice, growth of functional cutaneous lymphatic ves- 
tional vasculature and whether the vessels will regress sels* was induced, suggesting that VEGF-C/D gene therapy 
upon the completion of therapy. On the other hand, the may be applicable to human lymphedema Such therapy 
studies of Dvorak and co-workexs (170) clearly show that could also be used in nonheredttary, regional forms of 
at least some of the vessels generated in response to lymphedema resulting from trauma, surgery, or lymphatic 
VEGF gene therapy eventually stabilize and acquire vessel destruction after fllariasis. Because VEGFR-3 sig- 
periendothelial structures. Such stabilization of vessels naling plays a role in lymphatic endothelial cell survival 
may depend on the level of intraluminal blood flow. How- (142, 144), long-term growth factor expression may be 
ever concern about potential side effects, such as map- needed to obtain lynrphangiogenesis and maintain these 
propriate blood vessel growth in patients with diabetic vessels in chronic lymphedema. The functional character- 
retinopathy or solid tumors, has decreased the enthusi- istics of the newtyformed lymphatic vessels, for example, 
asm for the use of these powerful agents (220). their connections to draining lymphatic vessels, still re- 
New endothelial cells must be recruited in the begin- quire additional studies, 
itog of angiogenesis. This recruitment is from two possi- The larger connecting lymphatic vessels, the tym- 
ble sources preexisting vessel endothelia and endothelial phatic vessels of the visceral organs, as well as the 
precursor cells from the blood circulation (174). The ex- VEGFR-3-positive fenestrated blood vessels appeared 
istextce of angioblast4ike circulating endothelial precur- normal in the lymphedema mice (106). Consistent wxth 
sor cells in adults has only recently been suggested, and this, skin is the most affected organ also in lymphedema 
their role in supporting postnatal angiogenesis is under patients. Interestingly, the lymphatic vessels of trajjsgenac 
intensive investigation (174). VEGFR-2 has been sug- mice expressing a soluble, circulating form of VEGFK-^ 
gestetl as a marker for these cells. The ex vivo expansion (which results in reduced VEGF-C/D sig^g™ their 
of these precursors would be useful for the promotion of lymphatic endothelial receptor) regress before birth, but 
vascular healing, for provision of suitable cellular coat start to regrow later during the postnatal period in the 
irtfs for vascular grafts, or for the delivery of toxins to the internal organs (142). However, in the skin, the lymphatic 
tumor vascular bed (174). Mobilization of such precursors vasculature remains hypoplastic These results support 
from bone marrow could also accelerate healing at sites the view that the cutaneous lymphatic vessels are xegu- 
of vascular trauma. lated differently from those in other organs and that be- 
of vascular trauma. ^ VEGFR-3, there are additional signals for growth 

and maturation of the lymphatic endothelium postnatally. 

C. Therapeutic Lymphangiagenesis For example, it could be that the extracellular matrix 

provides signals via the integrals, which activate the 




phatic 

SZZSZ ^T^ology" Vl^Iema possible that MBM I. involved in ^GFR^ted 

Xd make the design of more targeted treatments for signal transduction at sites wherethe ^o receptors are 

^^possibleXaase transgenic VEGF-CVD over- coespressed, which ^^^^^Z^^ 

Smression £ able to induce the postnatatal growth of for NRP-1 regulation of VEGFR-2-medxated agnate (199) 

nSr m^hatic vessels in the skin (100, 216), these mole- The mechanisms of lymphaagiogenesas m adults 

"ZSTo l7Z%ul in lymphedema ptfenta Subcu- have not been elucidated The generation * *£»f 

Leousadenoviral gene transfer of VEGF-C in mice has vessels could inprnc^e sprout 

already been show to induce lymphangiogenesis within ing from, or sphttog of pree^g lymphaac or blood 

2wkof treatment (57). A mouse model (Chy). which vessels; in situ differentiation of endothelial cefe; or re- 

m^cs h^nTJy^hedma, allows the study of possible cruument and ^^^^^1^*^ 

genettierapies (10Q- These mice, nke the human patients, precursor cells, as has been described m other models 
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Insufficiency Normal vasculature Overgrowth 



Blood vteseU 



VEGF 
VEGF-C 



antl-VEGF 
antf-VEGFR-2 
TKI 




pathological 
angiogenesis 



Lymphatfe y^s&fiils * 



VEGF-D 



VEGFR-3 
inhibitors 




lymphangioma 



lymphangiosarcoma 



no, 6- Pathological conditions of blood and Sym- 
patic vessels and possible therapeutic interventions. 
Top. inefficient blood circulation lead? to ischemic 
tissue (blade arrow on iqft). Ischemia could be treated 
by VEGF- or VEGF-C-induced angiogenesis (gray ar- 
row on left). On the other hand, overgrowth of the 
blood vessels In diseases associated with pathological 
atigiogetteste Could be circumvented using antibodies 
that neutralize the activity of VEGF or by tyrosine 
kinase inhibitors CTKI) (arrows in righfy Bottom: in- 
suffidgnt signaling Co lymphatic endothelial cells via 
V£GFRn3 leads to lymphedema, the accumulation of 
the lymph fluid in the tissue. VEGF-C and VEGF-D are 
both able to induce lymphangiogenesis, and this could 
be used to treat tyrnphederria (gray arrraw on IbJT). 
Overgrowth of lymphatic endothelia seen in lym- 
phatic vascular tumors Qymplioma and lymphangio- 
sarcoma) could be treated by VEGFR-3 inhibitors. 



(10, 189, 192). Results obtained so far are comparable to 
the processes of sprouting from preexisting vessels and 
splitting of large dilated lymphatic vessels, which are seen 
after VEGF-C treatment (57). However, upregulation of 
VEGFR-2 and VEGFR-3 on endothelial cells was seen in 
response to VEGF-C, raising the interesting possibility 
that endothelial cells in blood vessels may also participate 
in lyrnphangiogenesis by the process of migration and 
^n^-K^erentation. Furthermore, at least in the avian 
system, precursor cells or lymphangioblasts have been 
demonstrated, from which new lymphatic growth may 
'initiate (189). 

m CONCLUSIONS 

* 

The development and regulation of endothelial cells 
require the orchestration of many growth factors in a 
carefully coordinated manner. Blood and lymphatic ves- 
sels are formed in an interactive manner during embry- 
onic development, but both vessel types are maintained in 
a rather quiescent state in adults and are active only in 
sites of new tissue growth* Angiogenesis has been exten- 
sively studied for over a decade, but lymphangiogeriesis is 
a relatively new topic for vascular biology. The discovery 
of specific molecules involved in the biology of the lym- 
phatic vessels now enables a more extensive study of the 
many roles of the lymphatic vessels. VEGF-C and VEGF-D 



both stimulate the growth of lymphatic vessels, being the 
first growth factors found for lymphatic endothelial cells. 
Similarities between the regulation of blood and lym- 
phatic vessels have been observed) and these two vessel 
systems seem to work in a tightly regulated manner. 
I^mphangiogenesis may occur in sites of angiogenesis, 
either following the growth of blood vessels, as in wound 
healing, or independently as has been observed in exper- 
imental tumor models and in inflamed tissue (D. 
McDonald, personal communication) . The findings made 
so far on lymphatic regulation will be helpful in the diag- 
nosis of certain vascular tumors and in designing specific 
treatments for lymphedema. Regulation of the blood and 
lymphatic vessels and some possible therapeutic ap- 
proaches have been summarized in Figure 6. Marry prom- 
ising experiments have been done concerning the inhibi- 
tion of metastatic spread of tumor cells via the lymphatic 
vasculature. The isolation and culture of lymphatic endo- 
thelial cells now offer better tools to study the molecular 
characteristics of these cells. Encouraging results on the 
therapeutic use of angiogenic and lymphangio genie mol- 
ecules have been obtained in e^erimental models, and 
ongoing and future clinical trials will show the therapeu- 
tic potential of the molecules of VEGF family of growth 
factors and receptors. 

We thank T. MakSnen andT. Karpanen for kindly providing 
figures and A. Parsons for the review of the language. 
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